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Preface 


Diagrams and flowcharts in this manual are at engineering 
change level 816614. 


The diagrams in this manual are organized by operation. 
Thus, the details of machine operations are presented in 
operational flowcharts, most of which are two-level, The 
general flow path of the two-level charts (heavy line) shows 
the major objectives of an operation or instruction. De- 
tailed flow paths of major objectives are located to the 
right of the general flow path. 


Positive-logic diagrams support the operational flowcharts. 
They show logical circuit operation without regard to 
signal levels. Most of the logic diagrams in this manual are 
not block for block representations of Automated Logic 
Diagrams. Rather, only blocks necessary for a logical 
understanding of the operation are shown. 


Other manuals needed to understand and service the 5410 
are: 


1. The IBM 5410 Processing Unit, Field Engineering 
Theory of Operations Manual. : 


Ww 


The /BM 5410 Processing Unit, Field Engineering 
Maintenance Manual. 


Second Edition 


This is a major revision of, and obsoletes, SY 31-0202-0, 


Changes are continually made to the specifications herein; any such change will be reported 
in subsequent revisions or TNLs. 


A form for reader’s comments is provided at the back of this publication. If the form has 


been rermeved, comments may be addressed to 1BM Corporation, Product Publications, 
Department 245, Rochester. Minnesota 55901. 


© Copyright International Business Machines Corporation 1969 
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BSM Basic Storage Module 

CPU Central Processing Unit 
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DA Device Address 

DBI Data Bus In 

DBO Data Bus Out 

DFCR Disk File Contro! Address Register 

DFDR Disk File Data Address Register 

DPF Dual Program Feature 

DRR Data Recall Register 

EBCDIC Extended Binary Coded Decimal Inter- 
change Code 

IAR Instruction Address Register 

VO Input-Output 

K Thousand 

LCR Length Count Register 

LCRR Length Count Recall Register 

LPDAR Line Printer Data Address Register 

LPIAR Line Printer Image Address Register 

LSR Local Store Registers 

MAP Maintenance Analysis Procedure 

MFCU Multi-Function Card Unit 

MPCAR MFCU Punch Data Address Register 

MPTAR MFCU Print Data Address Register 

MRDAR MFCU Read Data Address Register 

MST Monolithic System Technology 

PC Parity Check 

PG Parity Generate 

POR Power on Reset 

PSR Program Status Register 
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SDR Storage Data Register 

XR Index Register 
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Diagram 2-050. Invalid Address 
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Diagram 2-060. SDR Parity 
5410 FEMDM 3 (9/70) 2-060 


Diagram 2-070. Carry Check (9/70) 2-070 
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Diagram 2-080. DBI Parity 5410 FEMDM (9/70) 2-080 


Diagram 2-090. A/B Register Parity (9/70) 2-090 
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2 Vv 3 Vv 4 Vv 5 Vv 6 Vv 7 Vv 8 Vv 9 


Pl Enable Switch 






P2 Enable Switch 


ALU Bit 5 


A | | 
I-R Cycle Clock 5 | te 
Paes 

iS i 


IARARR P2 Select 


RR/IAR P2 Select 






ARR Select 









Te) (not) Any Interrupt Being Serviced IAR Select 


mS LSR Interchange Pulse 


Diag 4-073 


XR-1_ P2 Select 





XR-1 Select 





ee DPF 


XR-2 P2 Select 







XR-2 Select 


PSR P2 Select 
PSR Select 








c ' A Enable 
ALU Bit 6 rae = th | Interrupt 0 
[AR/ARR Int 0 0 
> | Z > 1SI0 Instr Hf ener cad IAR/ARR Interrupt 0 Select 
Diag 4-105 A t Level O Light an 
ln» Q Register Blonk Fr int Level 0 Lig LA Tea 
Diag 4-105 


hehe | 
PC121 
D ALU Bit 7 (not) Any Interrupt from | to 4 Req 


ot) An arrupt from } to 4 Reg | 
[> inten AD ru ha ARR/IAR Interrupt 0 Select 
Diag 5-262 Pape 
> 
rm) 
7 = 
FL FL 


— a 


N 
E eI "al EB Interrupt Request Instr 


KTI41 


Interrupt_Level_0 Request lay 
Diag 5-262 


lw) Select interrupt 0 Decode Select Interrupt 0 Decode 
Diag 4-105 





Diag 4-100 


ue aoe me fs cal 7 ae 7 
z 
3 


MFCU Punch Data Field (MPCAR) 


Zz 


ca | Z| 
ie | 
Le 


File Identif Field (DFCR) 


4 
[fork 5 
3 

ae File Dota Field (DFDR) 
5 


4 
a eae Line Printer Image Field (LPIAR 






/O IF LSR Select 4 


Diag 4-100 


Ce 


V/O IF LSR Select 5 


B Diag 4-100 








# 
5 
> /O IF LSR Select 6 ae. A Line Printer Data Field (LPDAR) 
Diag 4-100 g 
4 
A MECU Print Data Field (MPTAR) 
OQ 
Hp 
6 
Cc ie MFCU Read Data Field (MRDAR) 
7 
170 IF SLSR Select 7 [/O LSR Select 
: ae 
Diag 4-100 FF |L > 
| Diag 2-020 
A 
> fod 
KEI5I 









1/O LSR Select Clock 





Clock Trigger A 


(ZO Not Console Instruction 
D Diag 4-105 


Tc) Any CSP Request CSP Request 


EB Cycle 
Clock 8 A 
Diag 4-064 A a Clock 2 
Clock 8 
Clock 5 
Clock 0 
Clock 2 
Clock 4 
System Reset 
E 


Power On Reset 


Diagram 4-076. LSR Select (I/O) 5410 FEMDM (12/69) 4-076 
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3 Vv 4 Vv 5 Vv 6 Vv 7 Vv 8 Vv 9 


Note: 2nd BSM 


applies only to 

early 24K and 32K Main Storage Write Time 

dual BSMs and all Sel 2nd BSM = A F 
I | 4 
| | 









48K storage. (Write/reconstruct) 


g X,Y Dri 
" yy =: 


SAR Bits 
| 


B Tw > Write Time | I aie Byte 1 
Diag 4-082 | 


SAR Bit 2 
lo» 50 ns Dela 










reconstruct) 





\ 
Store New Pde 
9 | SROI2 
5 


> Diag 4-082 
7 . A 
Read Time Read Time a | or | 
Diag 4-082 
iw a CPU ic 


t) Sel 2nd BSM 
ha 2nd BSM 


Ist BSM 


ec ---c 


Store New 







Diag 4-014 





+ --|---|--— 
| 
| 
| 
| 
| 
| 

ie ee 
| 
| 
| 
| 
| 
| 
| 
| 
| 
| 
| 
| 
| 
| 
| 
| 
| 
| 
| 
| 
| 
| 
| 
| 
| 
| 
| 
| 
| 
| 
| 
| 
| 
| 
| 
| 
| 


‘st BSM Store Byte 1 


y (BK, 16K or 32K BSM) 
9 
D Sel 2nd esl | Ki} 


50 ns Dela lice inn | 
roe Gat aes he = 7 
Note: SAR bit 1 \, Write Time eae) 
feeds X drive for : 
32K BSM. SAR bit | %/¥ Driv 
1 feeds “Sel 2nd 
> BSM" for dual BSM == 


Core 
2S 
24-32K systems. SSS 


SAR bit 0 feeds 
"Sel 2nd BSM” for 
48K systems. 





reconstruct) SDR Bus (to B Reg) 
8+P 


Diag 4-044 






SAR Bit 2 










+. 


ALU Output 
A 1 


(Write/ 


reconstruct) 


Byte Control 
Hi-Y Decode 
Lo-Y Decode 
Hi-X Decode 






Reset (CPU) 


“9 Read Time ox | 


oe Store New . 
SROI2 “oO Sel 2nd BSM SROV2 


(of [2]3]4]s [6 [7] 8]9 hop pp 
SAR Decode 
SRO31 - SRO64 





SAR Bit 2 






: 








SAR 

















Clock Pulses 
P Read Call/Write Coll Timing 
i Control Ons Dela 
(not) 2nd BSM Selected (SAR Bit 1) od mt 
Reset (CPU : 
, 225 ns Dele es 
SRON] 25 ns Dela 
50 ns Delo [>> 
B 75 ns Dela ALD Reference 
100 ns Dela Diag 4-080 0 1 2 3 4 5 6 7 8 
125 ns Dela CPU Clock KC102 
, Sons Bele eS ee 
175 ns Dela ead Ca rite Ca KC132 
700m Dela Sect eee a ee at sacasea 
ns a its ; 
> Read Time SRON 
Ped saciat a ee ee ee 
Write Time bao] SROV 
X Read Current SRO22 
Cc Y Read Current SRO22 
Read Time. 
RT Strobe SRO21 
Diag 4-080 
SDR SRO8] 
- 50 ns 
Reset SDR PZ (Reset On Store New) SROI2 
> X/Y Write Gate $RO21 
X/Y¥ Write Current SRO22 


Set Reset 


Wer Set Inhibit 
FL 
Rd Set 


SRO12, SRO71 


Read/Write 
. FL 


\= 60 ns for 8K or 16K BSMs 








D }=85 ns for 32K BSMs 
SRO11 aor * This timing depends on strobe card setting. 
serch eae 
f 4° 250 ns Delo ee 

tite Time [w> 

> Diag 4-080 

E 

NDiagram 4-082. Storage Delay Clock and Timing Page of SY31-0202-1 5410DM (4/71) 4-082 


Revised April 5, 1971 
By TNL: SN31-0301 









Data Bus Out 





Diag 4-065 


Chan 1/O Check 


>» /O IF Chan _1 1/O Condition A 


Chan 1 I/O Condition B 
B Vor Channel I/O Working 


Chan LSR Select Bit 3-7 









Used to transmit information to 
the CPU from thel/O attachments 





Used to transmit information to 
the I/O attachments from the CPU 


Status In-Used fo present the status 
of the I/O attachments to the CPU 









Diag 4-060 






Chan 1 Data Bus Out 


Chan 1/O Check [o> 


V/O Condition A 1) 


1/O Condition B 


Diag 2-140 
Chan 1/O Working re» 2-150 
4-030 


Diag 4-036 = 4-035 , 





1/O LSR Select 3-7 


Select Bus In-Used to select an LSR in the CPU 
during I/O instructions and |/O cycles 













Diag 2-020 
4-076 
Chan Translate In Translate In 
0 iF > 
Diag 4-060 


Chan Translate Out 

Chan Binary Subtract 
> Chan Store Data 

Chan Block SDR to B 


/O IF Channel CS Priority Bit 


> w> LIO Instr 


Diag 4-105 


x» TIO Instr 


Diag 4-105 
ED SNS Instr 
Diag 4-105 
[z> SIO Instr 
Diag 4-105 


Diagram 4100. I/O Interface Lines 


Control In-Used to control the flow 
of data in the CPU during I/O cycles 





Tags Out-Used for interlocking and 
controlling information on the buses 
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Translate Out 


Diag 4-065 


Chon Binary Subtract 


Qg 
a 
> 
1 
S 
= 


Chan Store Data 


Y 


Diag 4-032 
Chan Block SDR v> 
Diag 4-044 
Chan CSR 3-7 
Ig 
LIO Instr ‘yor ) 
VO IF 
TtO Instr 1/0 F » 
/O IF 
SNS Instr (oF) 
/O IF 
SIO Instr yor 
VO IF 


5410DM (4/71) 4-100 


Diagram 4105. Op Register and Q Register Decode 


2 Vv 3 


Note: X can be either 0 or | 





] (no 
not) Q Reg Blonk) J | 


EB 
8. . RNIV 
‘o-<—— 
D To 
> 
7 fof ofo fo [x |x] x] x! 
Reg Lolo fo fo [o} 0 | 


Pee eT Te 
<]e | 
x 
| 
ei 








2 Address Format 


x (1 fofo] x] Single EB Cycle Instr x 
x mmm [ x] x] x) 


RN121 
1 Address (Branch 


1 Address (Non-Branch) 


Test On or Off { V » 
Diag 4-050 
Store Data Group [sD > 


Diag 4-032 


Diag 4-070 
4-072 


lel-Te[-Jelel=lel-le[s 


1/0 Not Console Instr Tc) 


Diag 4-030 
4-076 









VO Check Stop Gate 


RN121 


Bin Add or Sub Group [AA > 
Diag 4-014 





Q Reg Zone Blank iT > x Bin Add Grou 
F@d dicg 4-0 Diag 4-014 
iag 4-073 : 4-050 
Q Reg Blank EB x Bin Add or Sub Not Move > 
Diag 4-030 Diag 4-050 
4-050 
4-074 
Q Reg Numeric Blank Te» Inhibit SDR Transfer 
Diag 4-032 Diag 4-044 
4-040 
Sel Int Lev 0 Decode [Ww > 
Diog 4-074 










(12/69) 


2 Address Format 





Zero and Add Zoned 

Add Zoned Decimal 
Subtract Zoned Decimal 
Move Hex Character 

Edit 

Insert ond Test Character 
Move Characters 

Compare Logical Characters 
Add Logical Characters 


Subtract Logical Characters. 


¥ 
hy 


1_ Address Branch 


Sense 1/O 


Load 1/O 

Store Register 

Load Registe 

Add to Register 

Test Bits On Masked 
Test Bits Off Masked 
Set Bits On Masked 

Set Bits Off Masked 
Move Logical Immediate 


Compare Logical Immediate 


Branch On Condition 


Load Address 


Halt Program Level 


*e 


Command Format 


4105 


Diag 4-014 
4-032 
4-050 


Diag 4-030 


Diag 4-100 


Ww 
Diag 4-100 





Diag 4-073 
4-100 


Diag 4-074 
4-100 


Diag 4-030 
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“552222222222 2222222222222 222222222 2 
ua 
oe 
oO er 
A 2 2 Zz 
> = x w 
° - Oo Ww a Ee 
a ee aes x OZ o 2 2 
$2 a6 bE 5 5 Go Se ite ere te 5 é 
a 
= Gig ee eS a 5s £68 55 £5 BS FB z aa 
= 2Q2Qe2t 366 4 zs Oo az fo. 2 a 2 yw = 
=< a* &§ S55 YU Ge ey aes 2g & 6. 2 BR 2 ~« ~¢ £22 2 Z 
Z e Oo O 2 x 8 n ~~ & w ~ O° 8 ee « « ~§ 9 96 Det #oo3o3 4 
> — Go 8 aq 0°86 xy 6 x & * Y » = #@ O ¥ OQ FF Z wo a a 2 >TN ZZ <x 
< w 2292922 3255 22 Z ZearZ260°0%8% © & zg og FO Ye ww sg 
Slo a 5 2 ez 2600 8 PSS Oo SSE RSE eB 2 ES 2 26 BE 
31265 684642458 8 2 se £22 Fe tT ESE He Bee ESC ACB EB ERB 
OP BITS 
DIAGRAM INSTRUCTIONS 01231456 
B 5-100 Zero and Add Zoned ZAZ xX 0100 
5-100 Add Zoned Decimal AZ X10 
5-100 Subtract Zoned Decimal SZ x oni 
5-070 Move Hex Character MVX X 1000 
> 5-110 Edit ED x 1010 
5-120 insert & Test Characters it¢ x 1011 
5-080 Move Characters MVC X 1100 zy. z 
a —_ 
a mo 
5-080 Compare Logical Character CLC X 1101 5 5 
Z Zz 
Cc 5-080 Add Logical Character ALC x 1110 Oo oO 
Md ad 
ew oc 
5-080 Subtract Logical Character SLC X 1111 og 
5-170 Sense I/O SNS Y 0000 * * 
5-160 Load 1/0 LIO =Y 0001 * 
> 5-060 Store Register St YY 0100 
5-060 Load Register L Y 0101 
5-060 Add to Register A Y O10 
5-050 Test Bits On Masked TBN Y — 1000 x 
D 5-050 _ Test Bits Off Masked TBF OY ~——«‘1001 x 
5-050 Set Bits On Mosked SBN Y 1010 x z 
Z 
5-050 Set Bits Off Masked SBF Y= =—(1011 x a 
ud 
5-090 Move Logical Immediate = MVI Y — 1100 x g 
N 
> 5-090 Compare Logic Immediate CLI Y 110) x o 
= 
5-130 Branch On Condition Bc =Z ~—-0000 ® & 8 x x 
ms? Notes: 3 Conditioned by Q Reg Bits 
5-180 Test I/O and Branch Mo =Z ~~ 0001 * x x 
oe es ®& Line developed but not used in this operation 
5-190 Load Address LA Z~—onlo ® 2S x 
Z- a OP BITS 0123 
E 5-210 Halt Program Level HPL F 0000 ®& ® ad 
7 7 X 2 address instruction (can be indexed by bits 0-3) 
5-200 Advance Prog Level APL F 0001 oOo 9 
wow Y 1 address instruction (can be indexed by bits 0 and 1) 
5-140 Jump On Condition Jc F 0010 & oo 
ey Z_ 1 address instruction (can be indexed by bits 2 and 3) 
5-150 Start 1/0 SiO. FOO] ® * 





F Command instruction 


Diagram 5-005. Instructional/Functional Signal Reference 5410 FEMDM (12/69) 5-005 


Diagram 5-010. I-Op and I-Q Cycles (PART | of 3) 


2 W 3 


Objectives: 


@ Load Op code into Op Register 


© Increment Instruction Address Register 


@ Load CR to CRR if program interlock 


is off (1/O not busy) 












MAR seld? 





Activate 
"load SAR! 














Clock 1 & 2} Transfer 
CR to CRR 


or CRR to CR 





Activate 
‘sel PSR! 





Activate 'CR 
bit - to At 

















} Condition 
| Reg decode 
to A 





"load ALUS 





Activate 
'LSR write 


Clock 3 & 4] Place 
Op code in 
ALU 





Activate 
‘gate SDR 
to Bt 












> Clock 5 & 6| Load Op 
register and 
modify low orde KLI4! 
of instruction Activate 







address "TAR seld! 





Activate 
‘gate LSR Io 









@ Load CRR for alternate program level 
into CR and back into seme CRR if 
program interlock is on (I/O busy) 


ALU controls: 
| Clock 3&8 4— 
| none, all other 
| times — ‘bin sub 
[ gate’ & "bin 
comp A reg' 









Condition 
recall register 
| (CRR) for 

current 





{ ALU output 
\ latched 


KY121 
KY121 


— Altemate Program 
1 level PSR (CRR) 














Activate 
‘mise bit 
7 to A’ 




















Activate 
‘lood Op 
req! 





Activate 
"LSR write 
low" 






Clock 7 & 8| Modify high 
order of 

instruction 
address 





Activate 
"TAR sald’ 





Activate 
"gate LSR hi 
to B 





Activate 
"LSR write 
high! 


GOTO 
1-Q CYCLE 


(3) 1-Q CYCLE 


Clock 0 


Clock 3 & 4 






ALU output 
1 was latched 
¥ at Clock 4-cd 





Clock 5&6 


AV21i 












Vv 6 Vv 7 


Objectives: 


@ Load Q code into QRegister and: (1) Length Count Register and 
Length Count Recall Register, or (2) Dato Recall Register 


© Increment Instruction Address Ragister 








ALU controls: 
some as |-Op 
unless noted 

otherwise 


ress 
storage 







KL14) 


Activate 
NAR sald’ 


Place Q code 
in ALU and 
stora in LSR's 


Activate 
‘sel PSR! 





Activate 'CR 
bit to A' and 
‘AND gate' 














Data read 
| out to SDR 





Activate 
‘gate SDR to 
B 
Activate 
"LSR write 
high" 








Lood @ req 

and modify 

low order of 

instruction A 

add Activate 
"IAR seld! 


KGi4t 
Activate 
‘gate LSR to 
to B 





Activate 
‘mise bit 7 
to At 













Activate 1 ALU output 
j wos latched 


at clock 4 CD 


‘load @ 














Activate 
"sel DRR 


Clock 7 & 8 


Modify high 
order of 
instruction 





tT. Busy 





KL121 


instruction 









. Parity chec! 
- Attention 
«_Inv DA. 








instruction 





TAKE I-R CYCLE 


(9/70) 5-010 


AV211 


| ALU output 
latched 


KLIOL 


Activate 
"LSR write 
low' 









instr with (not) 


Halt 


instruction 





Activate 
‘prog intlk' 


Activate 
"IAR seld' 


Activate 
‘gate LSR 
hi to B' 





KLI01 
Activate { 
I 












"LSR write latched 


high' 





TAKE 1H] CYCLE TAKE IX CYCLE 
J we) 
Diag 5-030 Diag 5-042 


Wait State 


System Reset on | 


not) EB Cycle 
not) Alter SAR or Storage A Gate SDR to B 





> Main Storage 
= 
SAR SDR 
B 
clo 
Phase DE Load SAR 
(not) Wait 
KC142 Cl 5 and 6 
Gate LSR lo to B 
Wait State 
System Reset on | 


Cl 7 and 8 


EB Cycle 0 | 
Cll and 2 Koil 


Gate LSR Hi to B 


16 + 2P 


16+ 2P 


VO Not CE Test 
Channel Inhibit LSR Load 


Idle Time 
A or B Reg Chk 


> LSR to Aor B 


Cl 2 


ee 
cls 


p+ | LSR Write Hi 
1Q Cycle 
A 












1 Op Cycle 
cl é 


E 14 








on | iS 3] i LSR Write Lo 
Phase D 


KL101 





(not) IH Cycle 


(not) EB Cycle 
(not) Alter or Display Storage 





Diagram 5-012. I-Op and I-Q Cycles (PART 2 of 3) 


1/O Block SDR and fon | 
‘ 
VO Not CE Test B KGl4l 








Cl 3C to 5C 
















Cl 3C to 5C 
Branch or Jump Instr] 





/O Not CE Test 








CE Test No Increm 





Force bit 7 to A Cl 5 and 6 IN 
A 
: (not) IR Program Backup 


KGI41 Program Interlock 








Gate LSR Lo Normal to A 4 TOp Te 
Ell Cl} and 2 


KG131 


(not) Prog Interlock 


A 
Gate CR to A fa) poeesls 
1 Q Cycle 
A < 
Branch or Jump Instruction 


KG131 






Bin Compl A Reg Odd CD 
























7. LSS 
Bin Sub Gat Ieee Any | Cycle 
KYIa1 A [_(rot) Ct 3 and 4 
KYi21 not) IR Prog Backup 
| 4 | And Gate 
a - 
KY101 ; 
= 
3 | cond 
=| "ee 
LS “>| 
\ a 6 
oe 
8 
1 2 = 
¢2 
rae Ze C15 Thru 0 
|| JAR Seld A 1 Cycle not 1X Cycle 









Allow LSR Select 


[ targa) | tale) 
ror 2 Tsf4 1 sTelz tots 1213] 47s sI7] 

















KL141 
1Q Cycle 
PSR-P1_(LCRR) PSR-P1 (CRR) Ged cD. 3S 
err satsleiztot rs fatsTetz] | vi taeses zor 


1 and 2 
| Op Cycle 
















PSR-P2 (LCRR) PSR-P2 (CRR) 
resister rrr ars eTSTeTTy | 


2 Address Format 


A 
Allow LSR Select 
Es 


Cl 3 and 4 
IQ Cycle 
Allow LSR Select 


ea NOG al 2 OR oe tl 
ere Tape stel roasts eZ) 


LCR and DRR Seld 





5410 FEMDM (9/70) 5-012 


Cycle 
Clock 
B Load SAR 
Read Call/Write Call 
IAR Select 
LSR Select 
LSR Load 
Load A and B Reg 
A Reg Input 
B Reg Input 
c Load ALU 
ALU Control (and) 
ALU Output 
Bin Sub Gate 
Bin Compl A Reg 
Load Op Reg 
Load Q Reg 
Set/Reset Prog Intlk 
D Condition Reg 


Op End 


Diagram 5-014. !-Op and I-Q Cycles (PART 3 of 3) 


1 Op 























nn 
° 
s 
3 
® 
o 
2 
N 
= 
a 
a 
73 


eee 


















+ 
= 
‘Q 
5 
a 
rc 
5 


Force Bit 7 






IAR Hi 


it 
oat 




















Pee (Branch or Jump) 


| 
a 
qi 
Tb 


















ALD Reference 
KC122 
KC142 
KC132 
KLI4) 
KLI21 
KL101 
RAI01 
RAITT 
RAIO] 
AV132 
KY10} 
AV142 
KY12] 
KY121 
KD141 
KD14) 
KDI31 
KGII] 


KD13) 


5410 FEMDM (12/69) 


5-014 


Diagram 5-020. I-R Cycle (PART foot 2) 
2 Vv 


Objectives: 


@ Execute command instruction, unless program 
interlocked 


e@ Increment or decrement Instruction 
A Address Register 


Diag. 5-010 
i-R CYCLE 






Address 
storage 






























Refer to | Activate KL141 
B Diagram aael "TAR seld' 

Point 

to determine | 

which type | 

of cycle to | 

take after |-Q Activate KC142 

cycle | ‘load SAR' 


clock 3&4{Add to address in JAR 
for Jump instruction 

with condition satis- 
fied 







Data read 
out to SDR 



















Activete 
‘gate SDR 
to B' 








Jump 
instruction with 
condition satisfied 
(Diagram 5-022 





Activote 
‘gate LSR lo 
normal to A‘ 





Increment 
or decrement 
low order of 


instruction 
address 


clock 5&6 




























clock 7&8 | Increment 
or decrement 
high order of 


instruction address 






























Activate ‘bin 


comp A reg' KY121 
ond ‘bin sub 

gate’ KYT21 
Activate KL141 


‘TAR seld' 


Activate KLIO1] ALU output 
"LSR write | latched 


low' ' 







AV211t 

















Activate KLI41 
"TAR seld’ 
Activate KG141 
igate LSR lo Advance 
to B' instruction 
and Q reg 
KDI31 blank 










uncondi- 
tional program 
level 
adv 





Activate 
‘misc bit 7 
to A' 


Activate 

























‘bin comp Activate KG141 
A reg! ‘mise bit 6 
to At 
Activate KY121 
‘bin sub 
gate’ 
Activate KL10} ! ALU output AV211 
'LSR write | !atched 


low’ 


Activate KL14] 
TAR seld 





Activate KG141 
‘gate LSR hi 
to B' 
















Activate 


"IR program 
backup’ 


KD151 


Cycle 

Clock 

Load SAR 

Read Call/Write Cail 
IAR Select 

LSR Load 

Load A and B Reg 
A Reg input 

B Reg input 

Loed ALU! 

ALU Output 

bin Compl A Reg 
bin Sub Gate 

Op End 





KY121 









Activate 
‘bin sub 
gate’ 


unconditional 


program 
level adv 








Activate 
‘bin comp 
A reg’ 








Turn on 
‘Op end' 
trigger 










Activate KLI01 ALU Output | AV211 
"LSR write latched 
high‘ 


END OF 
OPERATION 


* Jump Instruction only 
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ALD Reference 


KC122 
KC142 
KC132 
KLI4I 
KLI01 
RAI0} 
RAI} 
RAO} 
AV132 
AV142 


KY12) 
KYI21 
KDI3 


5-020 


2 Vv 3 Vv 4 Vv 5 Vv 6 Vv 7 Vv 8 Vv 9 





1/0 Block SDR a CE Test No Increment 
N 
/O Not CE Test IN ot | /O Not CE Test 
A Wait State B Reg bit 0 
Force Bit 7 to A not) I-R Program Backup 
System Reset on | CL5 and 6 ALU Blonk 
Branch or Jump 
KGIAl A 
not) Inhibit SDR Transfe : ee le 
(not) EB Cycle KDI Gate LSR R fuels : FL 
Recompl Cycle Gate SDR to B Lo Normal to A ump Instruction 
> CL.3 and 4 A WoT Ry eng System Reset 
not) Alter SAR or Storage Set Progrem Interlock 
KG141 KG131 KDI51 


a 
B 
SAR SDR J 
CL 7 ana 8 
Gate LSR Hi to 8B 
x 


CL 5B 






Wait State 


> . System Reset on | 
Phose_DE A Gate LSR Lo to B 
LSand 6 


KG14} 


c CL 3€ to 5C Bin Sub Gate 


Reem Sameer 
Bd 


F 
| 
2 | 
B 
Reg| 4 
6 







|-R Jump True 


Any | Cycle 
hot) IR Program Backup 


FL ; (not) CL 3 and 4 
a ODD CD 


KY121 





Bin Compl A Reg 
KY121 
16 + 2P 


Channel Inhibit LSR Load 


cl 8 1/O Not CE Test 
| on | Idle Time 
A or B Reg Chk 


: A 
D aS Phase D eg ish ie So8 
LSR Write Lo : 
cL 4 


x x not) EB Cycle 


LSR Write Hi 


A not) I-H Cycle 
JAR (Lo) not) Alter or Display Storage 


> fol ila] 3[4[sTetrfol slats] [stay] Ko 
16+ 2P & 


. e not I-X Cycle 
AR Seld a [CL 5 Thr 0 
E Allow LSR Select 


KLI41 


Diagram 5-022. I-R Cycle (PART 2 of 2) 5410 FEMDM (12/69) 5-022 


Diagram 5-030. 3-H or I-L Cycles (PART J of 3) 


2 v 3 v 4 VW 5 Vv 


Objectives: 


© Load B Address Register except during load 
address instruction 


@ Load selected Index Register for load address 
instruction 


e load A Address Register for second address 






@ Load Adress Recall Register for branch or 
decimal instructions Activate 
"LOR write 











Activote KLIO1 
"LSR write 
high’ 


tow 






Modify low 
order of 
instruction 
address 


Clock 5 & 6 


I-H OR I=L 
CYCLE 





Diog 5-010 






Activate 
Diagram 5-010) "TAR seld' 
point t 
to determine | 
which type 

| 

' 















of cycle to 
take after |-Q 
cycle ! 





Activate 
‘gate LSR lo 
to B' 


Activate 
"AR seld' 











Activate 
‘mise bit 7 
to A’ 


Activate 


‘load SAR' 









Activate 'bin 


Clock 3 & 4] Load register. 
comp A reg! 


High order 







position in and ‘bin sub 
\-H cycles, gate 
low order 





position in 
I-L cycles 





KLI01 


Activote 
"LSR write 
















XR - Qbit 7] 
XR2- Qbit 6, 
i 






ALU 
output | 
latched 





Load 
address 
inst 






Branch 
or 
decimal 
inst 

or 


Activate Activate 
‘sel AAR' ‘ARR seld' 
'XR2 Seld' 


No Yi 
Activate 
‘sel BAR’ 
Take I-L2 Take I- 
cycle cycle 
E Activate F 


‘gate SDR 
to B' 













KL14) 









Activate 
'XR1 Seld! 








ul 











Clock 
7&8 








Medi 7 high 
order of 
instruction 
address 











Activate 
"IAR seld' 



















ee Note | 
for format. 
Branch, test 

V/O and branch, 
or load address 
operations end 
ofter !-L1 
cycle. Other- 
wise proceed 

to specific 
operation flow 
charts after 
completing | 
cycles 


Activate 
‘gate LSR 
hi to Bt 



















Activate 
‘bin comp A 
reg' and ‘bin 
sub gate’ 


























Op bits (0 
and 1) or (2 
and 3) 









Take |~H2 
cycle cycle 


END © 
OPERATION 





single 
address 
instruction 











Toke 1-X2 






Diag 5-042 


(12/69) 5-030 


WV 9 









or test I/O and Yes 


branch instruc- 








KLI01 
Activate 
"LSR write 
high’ 














No 








Branch 
instruction 












Load 
address 
instruction 










Activate 


'LSR intchg Yes 


LCYCLES 
Tested during I-Q 
cycle. Activates 
Br-Jump true FL. 
(Diagram 4-073) 
KDI5} 











Note 1: Format for single address instruction 
is; 1-H1 and !-L1 cycles or |-X! 
cycle. Second address requires; 1-H2 
and |-L2 cycles or 1-X2 cycle 


Wait State 


A System Reset on | 


(/O Block SDR 


V/O Not CE Test 


Phase DE 


KC142 


Decimal Instruction 


Branch or TIO Instr 
FC Instruction 


Diagram 5-032. I-H or I-L Cycles (PART 2 of 3) 


U A Load SAR 
(not) Wait State x System Reset 






/O Not CE Test 


Not EB Cycle 
(not) Alter SAR or Storage 


not) IR Program Backup 
Cl 5 ond 6 


CE Test No increment 


A Gate SDR to B 
CL 3 and 4 


KGI41 










. a 


Wait State 






Gate LSR Lo to B 
A 






Odd CD 











ALJ 
Cl 3C to 5C Bin Sub Gate Bin Compl A Reg FL ty / 
CL 7 and 8 . KY121 not, and 
Gate Lok Hi te8 KY121 | (not) IR Program Backup 
EB Cycle 
16 + 2P 
Cl 1 ond 2 A | KG141 


Cl 5 thru 0 
| Cycle not IX Cycle 
Allow LSR Select 


IAR Seld 





JAR (Hi) IAR (Lo) 
PD T2Ts Ts Te on 273 [41s [eT 

KLI41 

16 + 2P 





1H 2 or IL 2 Cycle 


C13 ond 4 ot AAR (Hi) AAR (Lo) _ 
roTT 273 [475 76 F7 oT [27 37475 [4 [7] 

KL121 
I-HI or I-L} Cycle es ee |, 
Cl 3 ond 4 BAR Sef” BAR (Hi) BAR (Lo) cl 4 
pot) LOX Instruction Ovi [2737475 [617 [9 i [273 [475 [4617 | + | 

KL121 A 

IH Cycle 





c18 


1H 1 or IL] Cycle Pr D 


Cl 3and 4 
Allow LSR Select A 


on | KA 


ARR (Hi) ARR (Lo) 
of T2345 fe i7 oT ip2y37 475 [é]7| 






LSR Write Hi 






ARR Sel 


hennel_ Inhibit LSR Lood 







'O Not CE Test 
Idle Time 


ot | A or B Reg Chk 
A 
especies 


$410 FEMDM = (12/69) 5-032 


c16 


Diagram 5-034. I-H or I-L Cycles (PART 3 of 3) 


2 Vv 3 


Cycle 
Clock 
B Load SAR 
Read Cali/Write Call 
IAR Select 
AAR Select(!H2 and IL2) 
> BAR Select (IH1 and iL!) 
ARR Select (*) 
LSR Load 
Load A and B Reg 
Cc A Reg Input 
B Reg Input 
Load ALU 
ALU Output 


> Bin Sub Gate 


Bin Compi A Reg 


























SDR 








* Load ARR during 1H] and ILI if 
BC, TIO or Decimal Instruction 





v 5 Vv 
|H 
bog 5 6 7 8 
Aedes Sl Peeps hep ep sal al 
! 
im = Lo ma Hi 
t Force t To 
HAR Lo | Lo ee Hie | 

















A 





ALu Reference 
KC122 
KC142 
KC132 
KLI4) 
KL12) 
KLI21 
KL141 
KLIO1 
RA10O1 
RATHI 
RA!O] 
AV132 
AV142 
KY1I21 


KY121 


Vv 


5410 FEMD 


(12/69) 


5-034 

















Cycle ALD Reference 
Clock KC122 
A Load SAR KC142 
Read Call Write Call KC132 
JAR Select KL141 
XR1 Select (see note) KL14] 
> XR2 Select (see note) KLI4} 
AAR Select KL121 
BAR Select KLI21 
LSR Load eS ell Wise gh gg i KLI01 
A Reg Input RAIN 
Peschioti ace te) aa Be | ie a 
Load ALU AVI32 : 
ALU Qutput AV142 
> Binary Sub Gate KY121 
Binary Compl A Reg KY121 
Op End KD13} 
ARR Select KL141 


* Force bit 7 if IAR Lo contains all 1's 
(Predicts a carry from IAR-Lo) 


NOTE: The contents of Op Register bits 0 thru 3 
determine which Index Register is used. 


Instruction B Address Register A Address Register 
Format Poni is | 


























Reale Era B Address Register 
Formet Poti f2]3 | 














2 bytes from 2 bytes from . 
2 bytes from Storage Unchanged 1 Storage Unchanged 


1 byte from Storage Added 
Storage Unchanged | to Address from XR1 

byte from Storage Added 
to Address from XR2 






Address 


Ol le Aes team | 

to Address from XR] 

alee 
o Address trom XR, 


non-branch) 





2 bytes from Hifi fofo | 2 bytes from 
| byte from scree Unchanged i Storage Unchanged 
byte from Storage Added Hfafofr | byte from Storage Added 
Storage Added to Address to Address from XRI 7 
Aare om 32 Lh |a foe Aide om eka 
Adres rom bone) 1 Ares fom 2 













2 bytes from 
Storage Unchanged 
byte from Storage Added 
to Address from XR1 
1 byte from Storage Added 
to Address from XR2 






on — | comms | ']']'f | ——— 





Storage Added to 






Address from XR2 


Diagram 5-040. I-X Cycles (PART 1 of 3) 5410 FEMDM (12/69) 5-040 


Diagram 5-042. 1-X Cycles (Part 2 of 3) 


2 W 3 


Objectives: 

@ Add address to contents of Index Register 

@ Load B Address Register unless load address 
instruction 

e load selected index register if lood address 
instruction 

e@ oad A Register for second address 

e Load Address Recall Register for Branch 


















or Decimal operations 


I-X CYCLE 


Address 
storage 














Activate KL141 
"IAR seld! 
Refer to 
diagram 
point] Activate KC142 
to determine 
i ‘load SAR 
which type 
of cycle to 
take after 
1-Q cycle 
Clock 1 & 2{ Increment 
high order of 
instruction - 
address Activate KLI41 










"IAR seld' 












Activate 
"gate LSR hi 
to 8" 








Low order of 
JAR will carry 


MAI22. [to high when 
incremented 


KG141 





Activate 
‘misc bit 7 
to A' 





Activate 
"bin comp A 
teg' and 'bin 
sub gate’ 


KY121 














Activate 
"LSR write 
high? 


KL101 





Load low 
order of 
selected 
register 










Activate 
*XR1 seld’ 
or 


'XR2 seld' 


| XRI for Op 
| bit 3. XR2 
| for op bit 2 





Clock 4 






XRI - 







Q bit 7; 
XR2 - Q bit 6 





single 
address 
instruction 


Yes 


KL141 
















Activate 1 XRI for Op Activate 
'XRI seld' bit 1. XR2 'XRI seld' 
or | for Op bit 0 or 










*XR2 seld' 'XR2 Seid! 
























to BI 


Activate XR1 for Op | 

‘gate LSR lo bit 1 (not) bit | 

normal to A' O or Op | 

bit 3 (not) bit | 

2. XR2 for | 

Activate ha nite 
5 not) 1 or 

gate SDR Op bit 2 | 

l 


(not) 3 


Activate 'bin 
comp A req’ 

and 'bin 
sub gate! 


KY121 








Deactivate 
"XR1 seld" 
or 


'XR2 seld' 


KL1 41 








Activate 
"XRI seld' 
or 
'XR2 seld' 










Activate 
‘sel BAR’ 








or decimal 
instruction 









Activate 
‘sel AAR’ 


Activate 
"ARR seld' 






Activate 
"LSR write 
low 


Clock 5&6 







































ncrement 

low order EO 
of instruction tf computation 
address Activate KL141 resulted ina 


'IAR seld! carry, 'temp 
carry' gives 
‘arith carry 
out’ for clock 


7 computation 













Activate KGI141 
"gate LSR lo 


to BT 





Activate KGI4 
‘mise bit 7 


to At 


Activate 'bin} KY121 
comp A req' 

and 'bin 

sub gate’ 





Activate 
*LSR write 
low' 


KLI01 






Load high 
order of 
selected 
register 


























































Activate ula), Select same 
*XR1 seld’ index regis- 
or | ter selected 
*XR2 seld' at clock 3 

See Note | for format. - 

Branch, test |/O and branch Activate | KGt4I 

or load address operations gate ESRhi 

end after I-X1 cycle. to B 

Otherwise proceed to 

cific operation flow 

oe. after completing Activate KY121 

l~cycles bin comp A 
reg’ and ‘bin 
sub gate’ 

Clock 8 Deactivate KLI41 

"XRI seld’ 
or 
'XR2 seld’ 
Activate Select same 
'sel BAR,' KLI21 | register 
"ARR seld,' KL141 |. selected at 
"sel AAR,' KL121 clock 4 
*XRI seld,' KL141 
or 'XR2 seld’ | KL141 







KLI2] 











Branch 
or test 1/O 
and branch 
jnstructio 


Yes 







Load 
address 
instruction 







Turn on 
'Op end' 
trigger 


(9/70) 5-042 








Activate KLI101 
"LSR write 


high' 









Op bits (0 
and 1) or (2 
and 3) 










Single 
address 
instruction 


Branch 
instruction 







condition 
satisfied 





Activate 
*LSR intchg 
pulse! 





END OF END OF 
OPERATION | CYCLES 


Diag 5-030 


| 
' 
t 
| 
! 
| 
| 
| 
| 
| 
\ 
I 
I 
| 
i 
| 
| 
| 
| 
I 










Tested during I-Q 
cycle. Activates 
Br-Jump true FL. 
(Diagram 4-073) 
KDI15) 


Note 1: 
is; I-HI] and I-L! cycles or I-X1 cycle. Second 
oddress requires; 1-H2 and !-L2 cycles or |-X2 
cycle, 


Format for single address instruction 


Inhibit SOR Transfer 
EB Cycle cia 
A not) Recompl Cycle - 
Wait State 
System Reset 
not) Cl 3 or 4 Gate SDR to B 
Alter SAR or Storage N OR 
. Main Storage /O Block SDR fk 
> = KGI41 
SAR 
Cl 5 and 6 
B Wait State Gate LSR Lo to B 
ae a ToL 
cio SAR (aad 2 KG141 
not) Wait State X.- Shel on 
KC142 IX Cycle A Gate LSR 


Hi to B 


Cl 7 and 8 


XC 





IAR Seld 


le 
2, 5, 6and9 


KL141 


- 10,1 


16 + 2P 





IX2 Cycle 
Op Bit 3 
Op Bit 2 Cl3or7 a 
aaa IXI Cycle 
p Bi 
Cl 3or7 XRI Seld 

D Op Bit 1 

Op Bit 6 





1 Address Branch Instruction 
Cl 4or8 


IX1_ Cycle 
Cl3or7 
Op Bit 2 
Cl 3 or 7 
1X2 Cycle 


Branch or TIO 
Decimal Instr 
FC Instr 


IX1 Cycle 





ARR Seld 





Cl 4or8 





KLI41 


Diagram 5-044. I-X Cycles (PART 3 of 3) 






















eet Gee Dee 


LSR Lo (1AR) Al! 1 


A [iXCyle 
His 





Force Bit 7 to A 


‘ 









and 6 
(not) IR Program Beckup 
fs ot) 1/O Not CE Test - 
ot) CE Test No Increment 


KG141 
Gate LSR Lo 


IX Cycle * 
Normal to A 


C13 ond 4 


KGI131 


cl 2 
IX Cycle 
cis 


LSR Write Hi 







‘O Not CE Test 


A | channel Inhibit LSR Lood 


Idle Time 


A or B Reg Chk 
LSR to A or B 


J 


| 


Poy iu T2Tay4 step 7 opi zy syst ote) 


von 
wn 


clé 


(not) IH Cycle 


not) EB Cycle 
cl 4 


(not) Alter or Display Storage 












= | see 
wi 


Poli T2t3t4 [stot zt ofit2tst4qs fo] 7) 





1X2 Cycle 
«| Ci 4or8 


KL121 





fi A 1X1 Cycle 
BAR (Hi) BAR (Lo) BAR Seld eae 
roLilatalé ts LeTz Ot T2 Ts sts 18171 not) Load Index Register 


KL121 


ARR (Hi) ARR (Lo) 
POT 2p 3T4esfey zor 2raT4Tsyet?| 


5410 FEMDM (9/70) 5-044 


Diagram 5-050. Set Bits On/Off Masked and Test Bits On/Off Masked (PART } of 2) 
2 Vv 3 Vv 


Objectives: 
Set Bits On Masked 


@ If a bit is present in the @ code, turn on the 
corresponding bit in the storage location 
A specified by the B Address Register 


@ Do not change bits which correspond with bits 
not present in the @ code 
bit 01234567 
Set Bits Off Masked Op Code XXT1TT0171 
@ lf a bit is present in the Q code, tum off 
the corresponding bit in the storage location 


specified by the B Address Register 


@ Do not change bits which correspond with 
bits not present in the Q code 
bit 01234567 
Test Bits On Masked Op Code XX}11000 
B @ If a bit is present in the Q code, test to see 
if the corresponding bit in the storage 


location specified by the B Address Register is on 


@ Ignore bits which correspond with bits not 
present in the Q code, 


@ Turn on 'test false’ latch if selected bits 
are not all on 


> bin 


Test Bits Off Masked Op Code 


Clock 3 & 4 
234 
111 


@lf a bit is present in the Q code, test to see 
if the corresponding bit in the storage location 
specified by the B Address Register is off 


c @ Ignore bits which correspond with bits 
not present in the Q code 


@Turn on 'test false’ latch if selected bits 
are not all off 












































bits on or 


test bits on 
operation 


No 






KY121 





Activate 
‘er gate’ 


Activate KDIi1 


"EB cycle’ 





Activate KY101 


‘and gate! 





Set 
bits on/off 


masked 
operation 









































Set bits off; 
Complement 
DRR and 
combine with 
storage. 

Test bitson: 
Compare bit 
positions on 
in DRR with 
same positions 
in storage. 


Test bits off: 


enters data 
ot clock 5 


Activate 
'CR test 
false’ 









Activate KLI21 


‘sel BAR’ 

















Activate KC142 


"lood SAR’ Clock 7&8 


BAR is 
decremented 
from 5 to 8 
time but is 
insignificant 
for this 
operation 





positions in 
Storage 


: Set Bits On/Off 
Activate 

‘sel DRR 
and LCR’ 


Read Call/Write Call 





Load SAR 
Activate BAR Select 
1 
gate LSR lo DRR Select 


normal to A' 
B Reg Input from SDR 


A Reg Input from DRR 

Load A and B Reg 

Load ALU 

ALU Output to SDR 

Store New (New Data) 

Bin Compl A Reg (Set Bit Off) 
ALU Control (And/Or) 

Op End 





Activate 
‘gate SOR 
to B! 


Activate RN131 
t 
tore dete bits on or test 
group bits off operation 
Test“. 
Set bits on: Activate KYI1] false for 
Combine DRR ‘new data to "Read call/ Activate any bit 
UN Ore storage write call’ ‘store new' 





Test bits on: 










Test bits off: 
A Reg bit and 
B Reg bit. 


9 





(12/69) 5-050 


ALD Reference 


KCi22 
KC132 
KC142 
KLiat 
KLI21 
RAIOI 
RAI1] 
RAIOI 
AVI132 
AV142 
KC132 
KY121 
KYI01 
KD131 


Single EB Cycle Instr CL 8 






EB Trigger 








KDI31 


Main Storage LSR Low Normal to A A 


a 
KG131 


xX 


Store New 
CL4CD 
New Data to Storage 







Gate SDR to 



















FL Machine Cycle 


Clock 

Read Call/Write Cali 
Load SAR 

DRR Select 

BAR Select 

B Reg Input (SDR) 

A Reg Input (DRR) 
Load A and B Reg 
Load ALU 


CL6 





EB Cycle 





not) Significant Digit 


t) Edit Instr not) Recompl Cycle 

= — Inhibit SDR Transfer 

Store Data Group " 
kyIN not) 3 and 4 Time 

Wait State 





Op Bit 6 





(not) Op Bit 7 System Reset Bin Compl A Reg (Test bit off) 
not) Test On or Off A Alter SAR or Storage ALU Control (And/Or) 
> not) Op Bit 6 VO Block SDR Mw Test False 





ALU Output (Test False) 

















(not) Halfword Format KGI41 CR Control 
Op End 
Q Code (IQ Cycle) 
EB Cycle 
D Sel DRR CL 3and 4 
(not) Inhibit LSR Sel al 
not) Recompl Cycle Set BAR 
mea pie [es Te 17 
CL 5 Thru 0 A PaEET 
seit 
oLitelapetstel7tolitalsfadstel7) 
E 
LSR Write Hi 


Diagram 5-052. Set Bits On/Off Masked and Test Bits On/Off Masked (PART 2 of 2) 


Halfwerd Format 





Op Bit 4 
EB Cycle 
Cl 3 and 4 


not) Zone Num Interchange 


Test Bits On/Off 





not) Op Bit 4 


One Address Non Branch 


Channel Inhibit LSR Load 
1/O Not CE Test 


RNI11 


| Idle Time 
A or B Reg Chk 
Phase D LSR to Aor B 


EB Cycle 


A 
fay Clock 2 


5410 FEMDM (12/69) 5-052 


Diagram 5-060) Store. Load. or Add to Register (PART | of 3) 


2 7 
Objectives: 

01 
Op Code XX 


Store Register 


e Store the registers which are selected by the Q 


code into the location specified by the BAR 
bitt- 012345 
Op Code xXxX1101 


A Load Register 


e Load the registers which are selected by the Q 
code with data from the location specified 
by the BAR 
bits - 012345 
Add to Register XX1101 


>: 


e@ Load the results into the selected registers 


Op Code 


Add the data from the location specified by the 
BAR to the contents of the registers which are 
selected by the Q code 





LOAD, STORE, OR 
ADD TO REGISTER 













Requires 
2B 
cycles 










Address 
“torage 







KOI 





Activate 
"EB cycle’ 





Deactivate 
"Ist E cycle 





Store 
register 
operation 













Activote 
"sel BAR' 









Activate 
"load SAR' 





Yes 


oo 
om 


On 
mt, Saf 


on 


Activate 
"Ist E cyclet 







Activate 
‘store data 
group" 


Activate 
‘new data to 
storage’ 


3 















RN13) 




















Vv 4 

























(1) RNIIT 
jLoad CR oper- 
jation is Q bit 5 
Clock 1 & 2[ Set CR to Knot) Q bit O 
equal on Ist Add 
cycle of add to register oper 
to register ation or load 
operation or operation 
load CR oper-~ 
ation 


of operation 





Activate 
"CR equal? 






Clock 3 & 4] Perform 


operation 


objectives 






Q 
register 


bit 























Activate KLI31 

J "EB i 
Activate K L101 = sh 
"gated PI/P2 
teg instrs‘ 

Q 
3 register Yes 
register bee bit RU 
bit KT13] | Activate 'sel 










1 









Activate 
"IAR/ARR P2 

seld' or "ARR/ 
IAR P2 seld' 


tAR/ARR inter 
1! or 'sel ARR/| 
IAR inter 1° 


























Q 

register 
bit 

2 


Yes 





Q 

register 
bit 

2 






KMI11 
Activate 'sel 
IAR/ARR inter 
2' or 'sel ARR/| 
JAR inter 2' 














KLI01 










Activate 
"PT IAR/ARR" 
or 'PIl ARR/ 
JAR! 





















Q 
register 





Q 

register 
bit 

3 


Yes 







KMI101 
Activate 'sel 
IAR/ARR inter 
3' or ‘sel ARR/ 
JAR inter 3! 










KL141 






3 












Could be 
| any IAR, 
| whichever 
i tent 


Activate 
"IAR seld' 





















Q 
register 
it 
4 


Yes 





Q 
register 

bit 

4 






KMI01 


Activate 'sel 
IAR/ARR inter 
4' or 'sel AAR/ 
IAR inter 4! 


Yes 





KL14} 
Activate 
"ARR seld’ 


















Q bits 
) led = 
register Yes absent KT141 









bit KL121 
2 









Sel 'IAR/ 
ARR inter 
or 





Activate 
‘sel PSR’ 


PSR is used 
as the CRR 
| and the LCRR 



















Q 













register 
bit KL141 
6 Activate 





"XR2 seld' 










Q 









register Yes KLI41 
bit 
7 Activate 
'XR1 seld' 
Load No 













register 
operation 


Yes 


‘CR 







KGI3] 


Activate 
‘gate LSR lo 
normal to A' 










Activate 
"Gate LSR 
hi to At 












Activate ‘bin 
sub gate’ and 
‘bin comp A 
req’ 

























Store 
register oper- 
ation 


Activate 
‘inhibit SOR 


transfer! 














Activate 
"gate SDR to 
B' 


Activate 
‘store new' 





Clock 5 & 6 


Set CR and 






Activate 
"LSR write 
high' 


decrement low: 
order of BAR 












to register 
operation 








Ye 
Ke es 






Yes 


Activate 







hi’ 


AV222 
<< = 
Activate 


KY121 
Yes 
Activate 
Yes 
KSI 
Activate 









*LSR write 
low! 


Activate 
"CR hi' 









Activate 
"CR lo’ 









"CR bin 


overflow’ 








KG121 






'CR test 
false’ 











"CR dec 


overflow' 
















Activate 
‘CR lo! 


KG111 Clock 


Decrement 
high order 
of BAR 


Deactivate 


‘CR Equal 





(12/69) 5-060 
Vv 9 
tat, oh 
KL121 ! KY131 

















Activate 
‘sel BAR' 





t lf add to 
| register oper- 
| ation and com- 
| putation re- 














KG141 [sults ina 
Activate | corry, ‘digit 
‘gate LSR lo carry’ is 
to B! activated to 

| give ‘arith 

KGI41 [carry out’ at 
Activate [next clock 






‘misc bit 7 3C - 5C 


to A‘ 










KY121 
Activate ‘bin 
sub gate! 


KLI01 


Activate 


"LSR write 
1 


low 









KLI21 






Activate 
‘sel BAR’ 










Activate 
‘gate LSR 
hi to B 








Activate 
"bin sub 
gate’ 












Ist 
E cycle of 
operation 










Turn on ‘op 
end' trigger 









Activate 
'LSR write 





END 


2 Vv 3 Vv 4 


1 Address Nonbranch 





Op Bit 5 


sabi or 


(not) Op Bit 6 and Not 7 


EB Trigger 


Inhibit SDR Transfer 
EB Cycle 


not) Recompl Cycle not) Cl 3 and 4 
Alter SAR or Storage Gate SDR to B 
> Wait State (ZO Block SDR 
System Reset KG141 
Main Storage 
B _ 
SAR SDR 
Phase DE 
clo Load SAR 5 : Store New 
not) Wait State 
KC142 
(not) Op Bit 4 











Op Bit 6 not) Significant Digit 

not) Edit Instr NeaiDateteSi 

ey K lew Data to Storage 
> (not) Op Bi EB Cycle cl4cD 
not) Test On or Off a Store Data Group 
(not) Op Bit 6 W1 
i C16 
RN131 








Cl 5 and 6 





Wait State Gate LSR Lo to B 










System Reset 


Cl 7 and 8 


Cl 1 and 2 


16 + 2P 


Diagram 5-062. Store. Load. or Add to Register (PART 2 of 3) 









(not) Op Bit 7 x (not) 3C to 5C 
1 Address Non-branch 


RNI31 EB Cycle 


Bin Add or Sub Group 










Vv 5 vV 6 Vv 7 4 8 Vv 9 


EA . 


1 Address Format Eliminate 
EB Cl 5 ond 6 





VO Not CE Test 


CE Test No Increment 
N - 
KD131 can Force Bit 7 A [Cl Sand 6 [N Wait State 
(not) IR Prog Backup System Reset 


KGI141 






Gate LSR Hi to A 





Gate LSR Lo Normal to A 


EB 3C te SC 


i not) Op Bit 7 
Bin Add Group not) Op Bit 4 


1 Addr Non Branch 





KY121 


Bin Compl A Reg 
i Odd CD 


on | Kvn 


Bin Sub Gate 











Q Code (I-Q Cycle) 





Channel Inhibit LSR Load 


V/O Not CE Test 
Idle Time 
A or B Reg Chk 


o LSR Write Hi 


LSR Hi (Selected LSR Lo (Selected by 
by Q Code) cd 


Q Code 
LOT  T2[3T4T s[6 7fovi [2 [3740 sfeél7] 


LSR to A or B 













LSR Write Hi 


EB Cycle 


Cl 5 Thru 0 
not) Recompl Cycle 
not) Inhibit LSR Select 






Ist E Cycle 
EB Cycle 


A 
| La | Halfword Format 
= 


5410 FEMDM = (12/69) 5-062 


BAR (Hi) BAR (Lo) BAR Sel A 


loTif~2t3y4Ustet7 foi [2p3p4ts 7 6q7) 
ea tad 


KL121 


Machine Cycle 

Clock 

Read Call/Write Call 

Load SAR 

BAR Select 

LSR Select(Determined by Q Code) 
B Reg Input 

A Reg Input 

Load A and B Reg 

Bin Compl A Reg 

Bin Sub Gate 

Load ALU 

ALU Output 

Load LSR 

CR Control (Load and Add Reg) 
EA Eliminate 

Store New (Store Reg Operation) 
First E Cycle 


Op End 


Ist EB 2nd EB 





De ne a ea pet Rag sarc a 


id Load Reg 
LLILLLLL LMA LLL 


VILLLELLLLLILLLLL LLL 


Load Reg 
CLE LILLELELLEAL LLL 


YLILITEELEIERLLLLLL LLL LD) 


Se et I ee 
SS Se pa eae 


LLIN LIL LTE LT? LA 


LLALLIE LIL LLL A LT 


lee ys BAR Lo | BARHi | ee he ee lo Hi 


Set 
aa a as aioe | 
eal oe ea ed 

















Condition Register 


ALD Reference 
KC122 
KC132 
KC142 
KLI21 
KL121 
RAI101 
RAIN 
RA101 
KY121 
KYI101 
AV132 
AV142 
KLIOI 
KGI11 
KY111 
KC132 
KDIN 


KD13] 






LSR Selection 


Q Code bits With Q bit 0 With No Q bit 0 


ae Interrupt 3 IAR AR 
7 | | 
Interrupt 0 IAR 






If ALU bit 6, not 7 If ALU not bit 6 or 7 


Load PSR \f ALU bit 7 


Add to Register If Result is not zero 


and a high order carry 


If Result is zero If Result is not zero 


and no high order carry 


If Result is too large 
for Register (no high 
order carry) 


Diagram 5-064. Store, Load, or Add to Register (PART 3 of 3) 


If ALU bit 2 If ALU bit 3 If ALU bit 4 





5410 FEMDM (12/69) 5-064 


Diagram 5-070. Move Hex Character (PART | of 2) (12/69) 5-070 
2 Vv 3 Vv 4 Vv 5 Vv 6 Vv 7 Vv 8 Vv 9 


01234567 
Objectives: Op Code XXXX1000 


@ Move numeric (lower four bits) or zone (upper four bits) 





portion of the byte in the location specified by the Clock 7 & 8 End 
A Address Register, to the numeric or zone portion of Activate KY111 Opatation decremented 
the byte in the location specified by the B Address Register. ‘new data me KD13) from 5 to 8 






Activat time but is 
@ Do not change the other half of the B address ee insignifi- 
location byte. oP eid cant for this 
trigger 





to storage’ 
A 





operation 

@ Do not change the A address location byte. Activate KL121 
"sel BAR’ 

© Bits & ond 7 of Q code specify portion used. 


> Activate KC142 
‘load SAR* 









MOVE HEX 
CHARACTER 


Clock Store select 
384 ed portion 
of DRR and 
unchanged 
portion of B 
field byte Activate KLI21 
KD121 in 8 address ‘sel DRR 
Activate location and LCR' 
‘EA 
cycle’ 





Clock 0 





zone to zone 
numeric to zone 




















Zone 
to zone 
or numeric to 




























RN131 Activate 
‘zone num 
interchg' 
Cc Activate 
Activate Activate KL121 ‘gate LSR lo Activate 
‘load SAR! "sel AAR! normal to_A’ ‘gate LSR lo 









crossed to A’ 






KGI141 


Activate 
‘gate SDR 


> Clock 


384 


to B 










= RN121 
tivate 
‘gate SDR i Activate ALD 
‘and! and EA EB Reference 
D er Machine Cycle 


oS 
~—O| 


Clock ad “C122 


7 8 0 1 2 3 
Read Call/Write Col! |_____ mmm as | eed pee 
Ne Load SAR | || | aoe 
AAR Select -—+— Kui2) 


as] _— t+—_+—+— ea 
: eee es os Same 
RNIZI B Reg Input (SDR: eal as cor ae ani 
aa ee ee KLi2I 

C2 et lee a ee | |eaio: 


DRR Select (A Reg Input) 
cee eee Eo = ae 
KYI101 


ALU Control (And,’OR) 
KC132 KC132 Nanosci -—}- mt] eat lah 
ees hes eal Load LSR | | tog I | | i KLIOI 
tds Store New (New Data) eee, ie ade ad wom | | KC132 


at clock 5 First ECycle KDI] 


Op End ES KDI 






Activate 
‘sel DRR 
and LCR’ 


Oo numeric or 
numeric to numeri 
move 

























Activate 
"LSR write 
low! 












Activate 
'move zone‘ 


Activate 
‘move num' 






















time but is 

insignificant 

for this 
ration 






Activate 
"EB 
cycle 







| 
, 
| 
| 
| 
, 
| 


shit SUS Tessier : 







NN 





iZone to Numeric __| 







Zone Numerié Interchange 


Op Bit 4 


Gate LSR Lo EB Cycle 
Crossed to A 


CL 3 and 4 





w 
SREEEERER | 







Store New 










EB Cycle 
not) Significant Digit 
not) Edit Instr CL4CD 





i LSRWrite Hi] 
f Chan Inhibit LSR Load 
‘ or | idle Time 
Phase-D LSR to A or B 
cL4 


not) EB Cycle 
not) Alter or Disola torage 
not) LH Cycle 












Sel DRR 









not) Op Bit 7 
not) Test On or OF 
not) Op Bit 6 






car; 
10 O|Zone te Zone | 
Yo 1] 
110 | 
ia 





[Numeric to Numeric _] 


(not) Halfword Format 








ALU Controls: No Controls-Output Same As B Reg 











> KY101 Both And ond Or-Output Same As A Reg 
EB Cycle 
Halfword : Sel AAR 
A A {c5 thw 0 
One Address Format 
KL121 
E K 
RN111 
(not) inhibit LSR Sel 
Sel BAR i 


not} Recomp 
EB Cycle 
KLI21] A 
a [ea CL 5 Thry 0 


Diagram 5-072. Move Hex Character (PART 2 of 2) 5410 FEMDM § (9/70) 5-072 


Diagram 5-080. Move Characters or Compare, Add, or Subtract Logical Characters (PART 1 of 3) 


2 Vv 


Objectives: 
bits 0123 
1. Move Characters Op Code XXXX 
@ Move the contents of the A field to the B field 
bits 01 23 
2. Compare Logical Chars. Op Code XXXX 


3. Add Logical Characters 


4. Subtract Logical Characters 


e Compare the A field data with the 
B field data 


45 
11 


3 


67 
01 


bits 01234567 


Op Code 


e Binary odd the A field data to the B field data 
and store results in B field location 


Op Code 


@ Binary subtract the A field data from the B field 
data and store results in B field location 


5. All Operations 


Clock 0 


> 


Clock 3 & 4 


MOVE, COMPARE, 
ADD, SUBTRACT 









e Aand B fields are same length 
e Length of field is Q code plus 1 


e Set Condition Register except during move operation 






























LOGICAL RNI31 
Op code 
i activates 
Address A ‘store data 
address tS roup’ 
storage 


location 


KD121 





Activate 
"Ist E cycle’ 






Activate 
‘EA cycle’ 





Activate 
‘sel AAR" 





Activate 
"load SAR' 


Store A 
field data 
in DRR 





Activate 
"gate SDR 
to BI 


XXXX1110 


Clock 5 & 6 | Decrement 


Clock 7 & 8 


Clock 0 


Decrement 
high order 
of AAR 


oCe. 


Activate 
‘sel DRR and 
LCR’ 





KLI101 


Activate 
"LSR write 


low 

















KLI121 





Activate 
‘sel AAR! 





Activate 
‘gate LSR lo 
to B! 





Activate 
"mise bit 7 
to A' 


Activate 
"bin sub 
gate’ 


Activate 
"LSR write 
low’ 





Kil21 
















Activate 
‘sel AARt 





Activate 
‘gate LSR 
hi to 8! 


Activate 
‘bin sub 
gate’ 


Activate 
"LSR write 
high! 


Address B 
address 
storage 
location 


KDI 


Activate 
"EB cycle’ 









Compare 
operation 






Clock 1 & 2 


Clock 3 & 4 


Decrement 
LCR each B 


cycle except 


first B cycle 

















Compute A 
and B field 
data and load 
remaining 


field length 
into Q reg 





Yes 







Activate 
‘inhibit SDR 
transfer’ 


KL121 


Activate 


‘sel BAR" 


KC142 


Activate 
‘load SAR! 





Move 


operation 


Activate 
‘sel DRR 
and LCR' 





Activate 
‘gate LSR 
hi to B' 


Activate 
‘bin sub 
gate’ 


Activate 


'LSR write 
high" 


KLI2) 


Activate 
‘sel DRR 


and LCR! 





KG131 


Activate 


"gate LSR lo 
normal to A’ 





Move 
operation 





KYT 


Activate 
"new data 
to storage* 














Activate 
‘mise bit 7 
to A’ 


Activate 
"CR equal! 


AV142 










ALU 
| output 
| latched 





DRR 


No 








Activate 
‘gate SDR 
to B! 
















Activate 
"bin comp 
A reg' 
Activate 


"bin sub 
gate’ 






Clock 3CD | Activate 1 ALU output 
"load Q | was latched 
reg’ | at 2-cd 














Compare 
operation 


No 





Activate 
‘store new! 





Clock 5 & 6 







Decrement 
low order 

of BAR and 
set CR 













Activate 


Activate 
‘CR lo" 


characters 
eperation 


Activate 
‘CR bin 
overflow’ 


Activote 


" Gate LSR 
lo to B’ 





KGI4l 


Activate 


"Misc bit 7 
to At 








Clock 7 & 8 


Decrement 
high order 
of BAR and 
check for 

blank Q 















A and B 
jcycles ore 
jreopeated until 
12 reg is 
blank, When 
Q reg is blank, 
end of field 
has been 
reached and 
Joperation is 
pended 


resulted in a 
carry, ‘digit 
carry" is 
activated to 
give ‘arith 
carry out’ at 
next clock 
3e+5e 















Activate 
"bin sub 
gate' 


Activate 
'LSR write 
low! 









KLI21 




















Activate 
‘gate LSR 
hi to B' 


Activate 
"bin sub 
gate’ 






Activate 
'LSR write 
high' 


Pp 
end' trigger 


END OF 
OPERATION, 


9 


(12/69) 


5-080 


Wait State 


System Reset 


A EB Cycle 
(not) Recompl Cycle 
Inhibit SDR Transfer 


Wait State 


Pp System Reset 


Cl 1 and 2 


A 
EB Cycle eal 

Gate LSR_Hi to B 
B Ci 7 and 8 


Wait State 


System Reset | 


Phase DE 







(not) Wait State 


16 + 2P 


(not) Op Bit 4 


One Address Instr 





Op Bit 6 


Vv 3 Vv 4 Vv 5 Vv 6 Vv 7 Vv 8 Vv 9 


Cl 5 and 6 


Ls | Gate LSR Lo to B 
A 
A 
+ | not) Cl_3 and 4 Time 
/O Block SDR 


Alter SAR or Storage 


2 Address Format cls Op End 















Op Bit 4 
EB Cycle 
A Cl 3. and 4 


not) Zone ~ Num Interchange 
Gate LSR Low Normal to A 


RGIsI Recompl Cycle 


KGI41 nat) Q Num Blank 


| a [fx tliminate 
Dec Instr 


: EB not Ist Cycle 
A A 
Cl 1 and 2 2 Address Format 
or | Cl 5 and 6 
KG141 ot) IR Prog Backup 1/O Cycle Not Test 
: CE Test No Incre 
Wait State 
System Reset 
cl 2 
EB 3C to 5C 
on | EB Cycle Channel Inhibit LSR Lood 
C8 1/O Not CE Test 
| Idle Time 
L | A or 8 Reg Chk 
A 


LSR to A or B_ 


| 
SAR SDR 
Op Bit 4 


Op Bit 5 A 
EB Cycle 


(not) 3C to 5C 


Binary Add or Sub Group on | 


Bin Sub Gate te 


KY121 
Bin Add Group 













Sel LCR and DRR 
LSR Write Low 


KLTON or | 
2 cl4 
Pov T2y3p4ys Te e7 Toy [27374 75 [eT 7] 


(not) EB Cycle 
A not) IH Cycle 
(not) Alter or Display Storage 


Odd Not 9 CD 








Store New : 0 Q Reg Blank | 
EB Cycle 


(not) Significant Digit 















N Data to St KD141 
Not Op Bit 7 not) Edit Instr A = a 
not) Test on or Off A Store Data Group 
(not) Op Bit 6 KYH1 { 
RN131 
(not) Halfword Format ot | cl4cp FL 1 e : 
Not Recompl clé AAR (Hi) AAR (Lo) epee EA Cycle 
set EB Cycle , Pon T21 3[41slel7lolil2t3[4lslslz : A EGLS Thy 0 
CH and 2 aS a ebb eee 
EB Cycle 
Cl_3 and 4 
Hal fword 
ae KLIDI erie BAR (Hi) BAR (Lo) BAR Sel EB Crale 7 
A ru 
-olil213[415161710111213]4[516171] not) Recompl Cycle 


iaean KLI21 


Diagram 5-082. Move Characters or Compare, Add, or Subtract Logical Characters (PART 2 of 3) 5410 FEMDM (12/69) 5-082 


Diagram 5-084. Move Characters or Compare, Add, or Subtract Logical Characters (PART 3 of 3) 


2 Vv 


Machine Cycle 
Clock 

Read Call MWrite Call 
Lood SAR 

AAR Select 

BAR Select 

LCR/DRR Select 

A Peg Input 

B Reg Input 

Load A end B Reg 
Bin Comp! A Reg 
Binary Subtract Gate 
Loed ALU 

AU! Onipet 

Lend LER 

Siurs 
Load Q Reg 
CR Control 


vide er? 


Op End 


3 


|— 


in 


| 
| 


t 
i 


Vv 


4 


U. 
i. 
Lo 


» 




















‘orce Bit 


AAR 











mb PE 
Force Bit 1 


Hl 
nas 
NL 
A A a 





(Move ond Add O- iy 





BAR Hi 





i 

































DRR 
[ Condition Register 

Operation Low 

Move 

Add If Result is zero If Result not zero and 
a high order carry 

Subtract if A field equals 2 field If B field is lower than 
A field 

Compare If A field equals B field If B field is lower than 





High Binaiy Overflow 








A field 
de SS 






Result too large for 
field (no high order carry) 


If Result not zerc and 
no high order coiry 


ff B field is higher than 
4. field 


If B field is higher than 
A field 


a 









(12/69) 5-084 
9 


ALD Reference 
KC122 
KCI32 
KC142 
Kt'2} 
KLI21 

121 

RATT] 

RATIO] 

RAION 

KYi21 

KY121 

AV132 

AV142 

KLI01 

KC132 

KD14] 

KGIi1 


KD131 


Main Storage 












ALU Blank 
















Single EB Instr 














EB Trigger 


KDI131 


7 v 8 v 9 
. Op Bit 4 
ee EB Cycle 
Gate LSR Lo Ni I to A 
——— Tie A [Cl3ond4._ 
not) Zone - Num Interchange 
KGI131 





Bin Add or Sub No Move EB , ChE 
> Cl 5B FL 
Phase DE EB Cycle / KGI01 CR Equol 
Load SAR x Bin Add or Sub No Move EB 
(not) Wait State A 
CR N 
Cc Lo/Hi Ee CR Low not) 3C to 5C 
Op Bit 4.85 =, stad | | a Op Bit 4 
A Bin Add or Sub Not Move Bin Add or Sub Group A 
Op Bit 7 First E Cycle Reset CR Lo High KY121 Op Bit 5 
Cl 1 and 2 A GR CR High 
i KGIN - 
Edit Instr KGlol 
> EB Cycle Arith Carry Out Q Code 
Sel DRR (1Q Cycle) 
Cl land 2 
Load CR Instr A Reset CR 
First E Cycle 
KGI01 loti f 2,3 74757617) 
ALD 
oe Recome! Cycle sie 3 Machine Cycle (EB) Reference 
CI 5 thru 0 . em Ear Clock kc122 
Ws 
Lol i T2T3qa[sTef7foti f2 73 p45 7677) read call write Call KC132 
> Load SAR KC142 
BAR Select KLI21 
EB Cycle DRR Select KL121 
(not) Op Bit 4 Cl 3 and 4 B Reg Input (SDR) RAIOI 
A Halfword N A A Reg Input (DRR) RAIII 
One Address Non-Branch Format RL Load A and B Reg RAIO1 
E ALU Control (Bin Sub) KY121 
Load ALU AV132 
ALU Output (to CR) AV142 
16 + 2P 
CR Reset KGI}1 
CR Set KGI1] 
Op End KDI31 
Diagram 5-090. Compare Logical Immediate (PART 1 of 3) 5410 FEMDM_ (12/69) 5-090 


Clock 1 & 2 


2 Vv 3 


Objectives 
bis 01234567 
Move Logical Immediate Op Code XX1711100 
@ Store the Q code, which is located in the Data 
Recall Register, in the location specified by 
the B Address Register 
01234567 
Compare Logical Immediate Op Code XX111101 
e Compare the Q code, which is located in 
the Data Recall Register, with the data 
in the location specified by the B Address 
Register 


@ Record the result of the comparison 
in the Condition Register 


MOVE LOGICAL IMMEDIATE OR 
COMPARE LOGICAL IMMEDIATE 





Clock 0 


Activate 
‘sel BAR' 










Activate 
‘load SAR' 










Set condition 
register to 
equal for 





Activate 
‘store data 
group’ 


Activate 
‘new data 
to storage’ 


RN131 

















Diagram 5-092. Move Logical Immediate or Compare Logical Immediate (PART 2 of 3) 


Vv 


KG101 









Clock 3&4 


: Activate 
with storage ‘sel DRR 


and LCR' 









‘gate LSR fo 
normal to A’ 





Activate 
‘inhibit 
SDR transfer' 












Activate 
‘bin comp 
A reg' 








KC132 
‘Read Call/ 


! Write Call! 
| enters data 
at clock 5 











Activate 
‘store new 



































Clock 5 & 6 Set 
condition ete tts pe eee toad 
register BAR is 
decremented 
from 5 to 8 
time but is 
insignificant 
for this 
operation 
‘Arith 
carry out' 
KGIN] 
Activate 
‘CR lo? 
Clock 7 & 8 End 
operation 
RNI31 






Conditioned 
| by 'bin add 
| or sub not 





END OF 
OPERATION 


Vv 


5410FEMD (12/69) 5-092 
9 






EB Trigger 





| i 


Op Bit 4 
Lo Normal To A EB Cycle 
A Clock 3 and 4 : MVI-Hex YC 
not) Zone-Num Interchange 
B KGI131 Bits 01234567 

















Op Code XX111100 
Store New 

EB Cycle 

(not) Significant Digit CcL4cD 

Not Edit Instr A. |New Date to Storage 








FL Machine Cycle 
Clock 

Read Cal!/Write Call 
Load SAR 

BAR Select 

LCR/DRR Select 

A Reg Input 

Load A Reg 

Bin Compl A Reg 

Bin Sub Gate 

Load ALU 

ALU Output (DRR) 
Store New (NEW Data 
Op End 


KY CLé 


Store Data Group 


Op Bit 6 
(not) Op Bit 7 on | 


(not) Test On or Off A 


not) Op Bit 6 
RN131 
not) Halfword Format For 










Sel DRR 
(1Q Cycle) 


Lol if 2 304i s{o[7| 








not) Recomp Cycle 
EB Cycle 

A Cl_5 Thr 0 
not) Inhibit LSR Sel 





: i Sel BAR 
BAR (Hi) BAR (Lo) 


fof if 2T spat slot 7fol ilet sy a4t sf el7) 


Op Bit 4 


Bin Add or Sub Group A 
16+ 2P " : Op Bit 5 


KY121 
Odd CD 
; Op Bit 4 
. Bin Compl A Reg Op Bit 5 
FL A not) Op Bit 7 
EB 3C to 5C 





Diagram 5-094. Move Logical Immediate (PART 3 of 3) 5410 FEMD (12/69) 5-094 


Diagram 5-100. Zero and Add Zoned and Add or Subtract Zoned Decimal (PART 1 of 4) 


2 Vv 3 


Objectives: 


bits 01234567 
1. Zero and Add Zoned Op Code XXXX0100 
eDecimally add A field data to zeros and place 
results in B field location 


bis 01234567 
A 2. Add Zoned Decimal Op Code XXXXO0110 
Subtract Zoned Decimal XXXXO1TI 

eDecimally add A field data to B field or 


subtract A field data from B field 
elnstruction and signs of fields determine 


add or subtract function 


> 3. AH Operations 
eLength of A field is numeric portion of Q code + 1 
@B field is longer than A field by amount in 
zone portion of @ code 





ZERO AND ADD ZONED, 
ADD OR SUBTRACT 
ZONED DECIMAL 








Diag 5-102 


RN131 


» Clock 





Address A 
address 
storage 
location 













Yes 
Activate 
"Ist ECycle 
DI 
> Activate 
‘EA Cycle’ 









Set conditic 
register to 










Activate 
"CR equal’ 





Vv 4 


Activete 

"gate SDR 
Clock to B’ 
3&4 


Store A 

field dato 

in DRR Activate 
‘sel DRR 
and LCR 


Activate 
‘sign contro 


Activate 
"LSR write 


Clock 
586 


Activate 
‘gate LSR 
lo to B' 


Activate 
‘misc bit 7 


Activate 
'LSR write 


Clock 
7&8 


Activate 
"gate LSR 
hi to B' 


Activate 
"LSR write 
high" 





Bits 0 to 3 of 
Ist byte(1st 

E Cycle) con-| 
tains sign of 
field. Minus 
is entered 


into DRR as 

1101, plus as 
TW11. After 
Ist byte, all 
bytes enter 

with 1111 in 
digits O to 3 





B Cycle 
Address 8 
address stor 
location from hati 
BAR during ; ctivate i 
regular B EB cycle 
cycles: ARR 
for recomp 
cycles . Activate 
‘new data 
re- 
complement 
Activate 
"load SAR* 
Clock 
1a? Decrement KG141 
















































field length 





Activate 
‘gate LSR 
hi to B' 







complement 
cycle 










Activate 
"sel DRR 
and LCR’ 







Activate 
‘misc bit 7 
to A‘ 


Activate 
‘bin sub 
gate’ 






"LSR write 
high! 



























Activate 
‘sel PSR" 










Q 


Activate 
‘misc bit 3 


to A’ 






AV142 


ALU 
Output 


latched 





Activate 
"ARR seld' 


KL121 








Tegister 
numeric portio 
blank 



















Compute A 
and B field 





Activate 
‘sel DRR 
and LCR’ 





























ing field 
length into Activate 
Q reg "Gate SOR 


Zero 
and add 
instruction 


to B' 











Re- 
complement 
cycle 











EA Yes 
eliminate 
active 






Activate 
‘gate LSR 
lo normal 





Activate 
‘decimal comp 
B reg' 






inePeetton 
with unlike 
signs 














Activate 
‘dec comp 
A reg' 






Activate 
"dec sub 










Activate 
‘sign control 









was latched 









"Read Call/ 
Write Call’ 
enters data 
at clock 5 





Activate 
‘store new' 








Diag 5-102 


(12/69) 













Activate 
‘misc bit 7 
9 A’ 

















Bits 0 to 3 of Ist 
byte (Ist EB cycle) 
contains sign of 
field. Minus is 
entered into sto- 
tage as 1101, 
plusas 1111. B 
field sign is 
entered for result: 
Sign is reversed 
during recomp 

A field sign is 
entered for zero 
and Add operation 
















5-100 





If computation resulted in 
a carry, ‘digit carry! is 

activated to give ‘arith carry out! 
at next clock 3 and 4 






















Set CR and 
decrement low 
order of BAR during(y OT 
regular B cycles: 
ARR during 
recomp 





Clock 
5&6 











ALU 
numeric output 


Blank KGI01 


Deactivate 
"CR equal’ 
















ALU 
(not) bit 2 





result 
negative 







Turn on 
‘CR lo/hi' 
latch 









Activate 
"CR hi’ 


Activate 
*CR lo' 












Last regular 
B cycle or last] 
recomp cycle 





Result is 
minus zero 










Zero and 
add inst; 
add inst 
with like 
signs, sub 
inst with 
unlike 
signs 


Activate 
‘recompl 


E gate’ 


* Note 1: No output pin latch 


Diagram 5-102. Zero and Add Zoned and Add or Subtract Zoned Decimal (PART 2 of 4) 


KYI31 


Clock 
7&8 











re- 
complement 
cycle 


KLI41 











Activate 
"ARR seld' 


Activate 
‘sel BART 


KG141 







Activate 
"gate LSR 
lo to B' 











Activate 
‘mise bit 7 
to A' 





Activate 
"bin sub 
gate’ 


RN 101 






Q 
register 
numeric portion 
blank 


Yes 









recomp 
cycle 


Activate ‘EA 
eliminate! 













Activate 
"LSR write 
low! 





Decrement 
high order of 
BAR for regular 
B cycles: ARR 
for recomp 
cycles. 










Activate 
“ARR seld‘ 


Activate 
‘sel BAR’ 


KL141 















Activate KGI41 
‘gate LSR 
hi to B' 
Activate KY121 
‘bin sub 
gate’ 

Q 

Yes 





register 
blank 


Turn on KDI3} 


‘op end! 
trigger 





Activate 
"LSR write 
high’ 









‘Op 
end trigger 


End of 
Operation 


Activate 
‘recompl 
cycle’ 


Deactivate 
‘recompl 
gate" 








"EA Diag 5-100 


eliminate! 
active 


Note 2: Operation repeots A ond 8 cycles until end of A field (Q register 
numeric portion blank). ‘EA eliminate’ then allows B cycles 
until end of B field (Q register blank). Operction ends unless 
result is in complement form. To recomplement, the low order 
of the B field is established by the ARR and the length of the 
field is established by the LCRR. 'EA eliminate’ then allows B 
cycles until end of field (Q register blank). Operation ends. 


5410 FEMD (12/69) 5-102 


Diagram 5-104, Zero and Add Zoned and Add or Subtract Zoned Decimal (PART 3 of 4) (9/70) 5-104 


2 v 3 Vv 4 v 5 vV 6 Vv 7 v 8 Vv 9 


Recompl Cycle A Reg Bit 2 
FL SDR Sign Minus 









Ist E Cycle 
D 


2 Addr Format 
Dec Instruction A 
Zero and Add Instr ele 
a» 


Add Dec Instr 


EA Eliminate 
Recomp! Gate 














Cl 5 and 6 not) Op Bit 4 


Gate LSR Lo to B 





Op Bit 5 


(not) Op Bit 4 
Inhibit SDR Transfer Cl 7 and 8 
Op Bits (not) 6 ond (not) 7 a 
eee al a | EBCycle A Cli and 2 
not) Recompl! Cycle A 
EB Cycle 


i Wait State 
System Reset 


(not) Cl a and 4 
Alter SAR or Storage 
Main Storage ZO Block SDR 


m KGI41 


B Store New _ 
SAR SDR EBC ele 

















Gate LSR Hi to B 




















Q Reg Blank 
2 Address Instr 








not) Zone Num Interchange 
not) EB Cl 3 and 4 
SLSR Lo Normal to A Not EA Eliminate 
. [2 Address Format 
EB Cycle 






Recompl 





cl4cbD 
New Data to Store 





Dec Instr 
EA Eliminate 


EB Not Ist Cycle 
2 Address Format 


Recompl Cycle 
Ist E Cycle 
C15 and 6 Cl3-and 4 


KGI41} A LNot IR Prog Backup 
not) CE Test No Increment 
A [Mrot) 1/0 Cycle Not Test 


not) Wait State 
(not) System Reset 


(not) Q Num Blank 






KY111 


Store Data Group 






> 


Recompl Cycle 





Dec Compl B Reg 


Dec Sub Gate Ls | 
A 


Phase DE 


Cho i 
(not) Wait State 





EB Cl 3C to SC 











Cl 3C to 5C Bin Sub Gate 





KC142 
K¥l2] Dec instr 











KY121 
















Cl 1 and 2 Recomplement 


Sel PSR 
herap Recompl Cycle PSR ae 


> cl 2 KL121 
1/O Not CE Test EB Cycle , 
Channel Inhibit LSR ol * | Cie ot | LSR Write Hig KAR IH) 


Idle Time POT [273 T 4s foe T7foTi [273s 4ysTeéy 7) 
A or B Reg Chk 
A 


D LSR to Aor B 


i Q Reg Blank 






(not) Dec Compl A Reg 







Clock 5 thru 0 


- Gl (not) inhibit LSR Sel 





LSR Write Lo 





BAR (Hi) BAR (Lo) 
[ST 4tsTé (7 opi 273475 feT7| 


AAR Sel 







Cl 7 and 8 









> not) EB Cycle 
(not) IH Cycle A 


(not) Alter or Display Storage 








BAR Sel 
(not) Recompl Cycle 


EB Cycle 





LCR 


Loft2[3fatsTeT7foli [2 [3747s [477] 


Clock 5 thru 0 





(not) Recompl 
5 EB Cycle 


Cl 1 and 2 





Recomp! Cycle 


E > 5 5 
C15 thru 0 ARR Seld Sel DRR and LCR 
(rot) tnhibit USR Sel | A pam Tne 






(not) Op Bit 4 
Hal fword Format 
N 
lee 3 Ts te TO es PTET | a | sea") Sal Adeaas Inet 


EA Cycle 
ox | EB Cycle 


KL141 


9 
2 VW 3 Vv 4 Vv 5 Vv 6 Vv 7 V 8 Vv 

































































































































































































































EA EB ALD References 
Cycle i KC122 
Clock KC142 
Load SAR i KC132 
Read Call/Write Coll «L121 
A AAR Select KLI21 
BAR Select KL121 
LCR/DRR Select ee KLIO1 
LSR Load RAIOI 
Load A and B Reg “i AV132 
> Load ALU oe Fe AV142 
ALU Output Force Bin 7 on Bin 3 | ORR force Bit | | RII 
B Reg Input ace KY12) 
Binary Sub Gate aaa —————— — es il KY12I [ Operation | Equal | low | High | Decimal Ovi | 
B Decimal Sub Gate 4 Peete D hk pokes eee eae SSS [ oe ae KY121 Peso 
Dec Compl A Reg | os se ae ep o 7 a ~ TC } UF al KY101 
Sign Control a es +— ~ | = KeI32 ae Sub 
= Sg | ' : on 
Store New 4 ss ef rep 1 = ms ie KGN11 
CR Control ie KD141 
> Load @ Reg + i KG121 
Recomp! Gote | = re + - KYH] 
EA Eliminate | =| si - (FQ= Olea KD131 
Op End | a, ae pn aol 
Recomplement Not Ist EB 
c Cycle 1 2 "3 5 6 8 KC122 
Clock pL KC142 
Load SAR pone KC132 
Read Call/Write Call zt [tai ee ed KLI41 
ARR Select aeons oS KL121 
LSR Load RAIO} 
Load A and B Reg oe mm (4VI32 
D Lood ALU AV142 
ALU Output Re ca ee eee ee ee RAIN 
nee | —$§| og —__$§__ |_|}, —| $I — pao 
oe — — a ea a yn i) oe Ol Kyi21 
Binary Sub Gate [pe ai KYI21 
> Beeimot Sub Gare es al Ky121 
Dec Compl A Reg | a 5 | KY121 
Dec Compl B Reg Ve ra eh <= i KY101 
Sign Control ==" ae ee KC132 
Load Q Reg feo KYM 
canis SS - |. — KOI] 
Pp im 





5410 FEMD (12/69) 5-106 
Diagram 5-106. Zero and Add Zoned and Add or Subtract Zoned Decimal (PART 4 of 4) 


Diagram 5-110. Edit (PART | of 3) 


2 Vv 3 


Objectives: 
bitt01234567 
Edit Op Code XXXX1010 
eReplace hex 2/0 in B field with A field data 
eSkip other characters in B field leaving them 
as they were 


@Length of B field is Q code +1 
A field sign stored in condition register 


EXAMPLE: 

Q code =9 

B field before edit 7 
A field 

B field after edit 


0907 
0,907.15 


blank 


X=Replaceable Character (2/0) 


KDI21 









Activate 
*EA cycle’ 







KL121 





Activate KC142 


Nood SAR' 









Set CR to 
equal on 
Ist cycle 







KG101 





Activate 
"CR equal’ 














































Clack 3 & 4 Store A 
ee agian Activate KGI4] 
*gate SDR to 
B' 
Activate KL121 
‘sel DRR 
and LCR 
Activate Y101 ‘Sign is in bits 0 to 
"sign controt! 3 of Ist byte. Sign 
is entered as plus 
regardless of how it 
| come out of storage. 
Activate Plus is 1111 in bits 
"LSR write 0 to 3 
low’ 
Clock 5 & 6 | Decrement 






low order of 









lat clock 3CD 






lo! latch in 
Ist cycle if 
minus field 






reg. sign 
minus 







Turn on 'CR 
lo’ latch 










Until 'CR 
equal’ is 
deactivated 
it takes 
preference 
over 'CR lo’ 
or 'CR hi! 














Activate 
‘sel AAR’ 







KG141 





Activate 
‘gate LSR 
lo to B' 










Activate KG141 
‘misc bit 
7 to A' 






KY121 






Activate 
"bin sub 
gote' 







KLIO1 





Activate 
"LSR write 
low! 









Clock 7 & 8] Decrement 






Activate KL121 


‘sel AAR! 






























































































































































(9/70) 5-110 
Activate KG141 Activote Activate KY121 
*gate LSR ‘gate SDR ‘bin sub 
hi to B' to B gate’ 
Activate KY121 Activate Activate KL101 
‘bin sub ‘and! and "LSR write 
gate’ low! 
AV211 
Activate KLIOI ALU output Activote KDI4I pecs 
B cycle "LSR write was latched "load Q Decrement 
high' at 2-CD | reg’ high order of Activate Kula) 
eon sel BAR" 
Clock 0 ) 2 check for blank 
register Q reg 
Activate KDIT} contain Activate KGI41 
‘EB 2/0 Activate "gate LSR 
i ; NOTE 2 g 
cycle new data hi to BY 
Activate KL121 
‘cel BAR’ Activate KyI2I 
Activate ‘bin sub gate’ 
‘store new' 
Activate KCI42 Clock 5&6 a 
‘load SAR’ Decrement register 
low order of 8 blank 
Clock 1&2 BAR, Set CR Register 
Decrement contains 210, 
LCR each Activate KL121 Tum on 
cycle except ‘sel DRR ‘Op end! 
Ist cycle and LCR! Deactivate trigger 







*CR equal’ 





Activate 
‘gate LSR 
hi to B' 






Activate 
"LSR write 





LCR 





‘CR 
lo! latch 
on 



















Activate 
‘CR hi' 






Activate 
‘CR lo! 





Activate 
‘misc bit 
710 A' 


KGI41 











eliminate 
active 






register 



































Activate KY121 
"bin sub contain 
gate’ 2/0 Activate 
‘EA eliminate’ 
Activate KL101 SHEReON 
"LSR write 
high' 
Clock 3&4 Activate NOTE 1: No output pin from latch, 
‘sel BAR’ NOTE 2: After Bcycle, if B field character was 
Store A field not a Hex 2/0, 'EA eliminate’ causes another B 
data in B field Activate KLI21 cycle. When B field Hex 2/0 is found, machine 






position if B 
field position 
contains 
replaceable 
character (Hex 
2/0). Load re- 
maining length 
count into Q 
reg 





takes another A cycle to read out next character 
to be stored. When end of field is reached 

(Q register blank) operation ends. 

NOTE 3: A register data; put in ALU at 4CD. 


"sel DRR 





Activate 
"gate LSR 


and LCR' 










KG13) 


Activate 
"gate LSR lo 






DRR 






Activate 
‘mise bit 7 
to At 





normal to At 






Edit Instr 


EB Cycle 
not) Recompl Cycle 
Inhibit SDR Transfer 


A Wait State 


System Reset 
V/O Block SDR 


(rot) CT Sand 4 Time 
Gate SDR to B 
Alter SAR or Storage N 


EB Cycle 


A 
Cl 1 and 2 
> Cl 7 and 8 = 
System Reset 
B 


Main Storage 


Gate LSR Hi to B 








Wait State 


Gate LSR Lo to B 







mm 
SAR SDR s 
> Store New 
EB Cycle 
not) Significant Digit 
A New Data To St 
cl 4D 
Phase DE 
clo Load SAR x KYT1 
: X clé 
Cc not) Wait State 


KC142 
Store Date Group 


RN131 





Op Bit 6 














(not) Op Bit 7 
not) Test On or O 
not) Op Bit 6 


(net) Halfword Format 





Edit Instr 
B Reg Bit 4 ac 
B Reg Bit 5 A 
B Reg Bit 6 a [BReg2 
D B Reg Bit 7 


(not) B Reg Bit 0 
it] 
B Reg Bit 2 A 


(not) B Reg Bit 3 


(not) Recompl 






(not) Op Bit 4 
Halfword Format 






One Address Instr 





Diagram 5-112. Edit (PART 2 of 3) 





FL 


KC132 


16 + 2P Ee 


fol if2tsapa tse [7foli 2 [3]4[sfo] 


roti t2[3[4[sfet7Tolit2 [34 [s]e6q7 | 












Sel LCR and DRR 





EA 


KDI31 


AAR (Hi) 


BAR (Hi) 


Eliminate 


=? ¥ 


LCR 








Force Bit 7 toA 





LSR Write High 


Gate LSR Low Normal to A 


Op Bit 4 






EB Cycle 





Cl 3.and 4 





(not) Zone - Num Interchange 





EA Eliminate 
Dec Instr 


A 
Cl land 2 


Cl 5 and 6 


KGI4I (not) IR Prog Back Up 


(not) Recompl Cycle 





A 


(not) Q Num Blank 


EB Not Ist Cycle 





2 Address Format 





(not) 1/O Cycle Not Test 


(not} CE Test No Incre 
(not) Wait State 











ee 


(not) System Reset 


(not) Op Bit 0 
(not) Op Bit 1 
(not) Op Bit 2 
(not) Op Bit 3 


EB 3C to SC 








RN121 





Op Bit 4 (not) 5 


Channel Inhibit LSR Load 


1/O Not CE Test 


fdle Time 
A or B Reg Chk 


eae 



















Exe 


AAR (Lo) 


BAR (Lo) 





0 


1 


2 


3 


4[ 5] 6 [7 


OTT 417] 


(not) EB Cycle 


ale) H cle 

(not) Alter or Display, Storage 
EB Cycle 
Cl 3 and 4 
2 Address Format 












EA Cycle 
A | C15 thr 0 
AAR Sel 
A (not) Inhibit LSR Sel 
KLI21 
BAR Sel 
A EB Cycle 
i A oi) 
7 (not) Recompl Cycle 


$410 FEMDM (9/70) = 5-112 


Diagram 5-114. Edit (PART 3 of 3) 


2 


Cycle 
Clock 
Read Cali/Write Call 
Lood SAR 
A AAR Select 
BAR Select 
LCR/DRR Select 
Load LSR 
Load A and B Reg 
> Load ALU 
ALU Output 
A Reg Input 
B Reg Input 
Binary Sub Gate 
B ALU Control (And/Or) 
Sign Change 
CR Control 
Load Q Reg 
: EA Eliminate 
od Store New 


Op End --..- 


Cycle 
Clock 
Read Call/Write Coll 
Load SAR 
AAR Select 
> BAR Select 
LCR/ORR Select 
Load LSR 
Load A and B Reg 
B Loed ALU 
ALU Output 
A Reg Input 
B Reg Input 
Binary Sub Gate 
> ALU Control (And/Or) 
Sign Chonge 
CR Control 
Lood Q Reg 
EA Eliminate 
E Store New 
Op End 


< 





TT 
TTR 


PR ean eeilietiaromen 


a SOR LR] | BAR Hi 















eS SE en a AC dooce BAR Hi ec ee SDR | 
a a a ee ee ee ee 
lee et ea es a 
stl dtr Wee As coe ee awn lll * 


pe 
BAR Co GAR 








V 


ALD Reference 


KC122 
KC132 
KC142 
KLI21 
KL121 
KLI21 
KLIOI 
RAIO1 
AV132 
AV142 
RAITI 
RA101 
KY12) 
KY101 
KY101 
KGIN 
KD141 
KY) 
KC132 
KD132 


KCI22 
KC132 
KC142 
KL121 
KLI21 
KL121 
KL101 
RAIOI 
AV132 
AV142 
RAI} 
RA101 
KY12) 
KY101 
KY101 
KGIT1 
KD14) 
KYTI1 
KC132 
KD132 


X = Replaceable Character 


A Field 
B Field before edit 


B Field after edit 


(12/69) 5-114 





090715 


X,XXX.XX * 


0,907.15 * 


blan! 


Note: Since the A and 8 registers are loaded each 
odd CD clock time, the figures shown apply only to clock 


3 and 4 time when the main storage data is being analyzed. 


Vv 


Machine Cycle 
Clock 

Load SAR 

Read Call/Write Call 
AAR Select 

BAR Select 

DRR Select 

LCR Select 

ARR Select 

Load A and B Reg 

A Reg Input 

B Reg input 

ALU Output 

ALU Control (And/Or) 
Binary Sub Gate 

Bin Compl A Reg 
Load LSR 

Significant Digit (1-9) 
Load Q Reg 

Store New 

EA Eliminate 

Op End 


Machine Cycle 
Clock 

Load SAR 

Read Call/Write Call 
AAR Select 

BAR Select 

DRR Select 

LCR Select 

ARR Select 

Load A and B Reg 
A Reg Input 

B Reg Input 

ALU Output 

ALU Control (And/Or) 
Binary Sub Gate 
Bin Compl A Reg 
Load LSR 
Significant Digit 
Load Q Reg 
Store New 

EA Eliminate 

Op End 


Diagram 5-120. Insert and Test Character (PART 1 of 3) 


| 























LEH 


























Ww 
na 


D 
































DRR 





ate ato) 
rm nam pL BAE TE | 
ee eas 


es | || 

































































ae 
| | oy 
ae | | 
oe 
BAR Lo | BAR Hi 


eee 





ALD Reference 


KC122 
KC142 
KC132 
KL121 
KL121 
KL121 
KL121 
KL121 
RA101 
RAI 
RAI01 
AV142 
KY101 
KY121 
KY12) 
KL101 
KD131 
KD14} 
KC132 
KY1] 
K D132 


KC122 
KC142 
KC132 
KLI21 
KLI21 
KLI21 
KLI121 
KL121 
RAIO1 
RAI¥1 
RAI01 
AVI142 
KY101 
KY121 
KY121 
KLIO1 
KD13) 
KDI141 
KC132 
Ky 
KD132 


B oe ad A Field 
- o 1 . 9 8 [ * | 


Lh Field Starting Address 


© 
@ 


5410 FEMDM (12/69) 


* to DRR 


Length Count 
to LCR unchanged, 
also to Q Register 


* to 
B Field 
{$*01 .98) 


Increment BAR 


Decrement length 
count and store in 
LCR and Q Register 


* to 
B Field 
($**1.98) 


Increment BAR 


Decrement length 
count and store in 
LCR and Q Register 


No change in 

B Field due to 
significant digit 
($**1.98) 


Increment BAR 


5-120 


Diagram 5-122. Insert and Test Character (PART 2 of 3) 


2 Vv 3 

























Objectives: 
bis01234567 
Insert and Test Character Op Code XXxXX1011 
@ Reploce all characters to left of first significant 
digit in 8 field with A field character 
A @ Only numeric characters 1 to 9 are considered 
significant digits 
@ Length of B field is Q code +! 
@ A field is only | character in length 
> EXAMPLE: 
Edited field before operation 0,907.15 & 
A field character * blank 
Edited field after operation s7907.15 * 
B field starting oddress__4 
B 
HNSERT AND TEST 
>» CHARACTERS 
A cycle 
Clock 0 
c RNI31 
Activate KDI21 
"Ist E cycle’ 
> bled 
Activate KDI21 
"EA cycle’ 
D KLI21 
Activate KC142 
"load SAR’ 
Clock 384 | Store A 
field char- 
acter in DRR 
KGI41 


B Cycle 


Clock 0 


Clock 1 & 2 


Clock 3 & 4 











Activate 
‘gate LSR lo 
nomal to A! 







Activate RN121 


"and'and 









Clock 7&8 





















































Activate KDI Acitvate ALU output | AV142 
‘EB cycle ‘load Q was latched 
reg’ at 2 cd 
KL121 z 
register 
significant 
on Activate KYIV 
‘new data 
Activate KC142 to storage’ 
"load SAR' 
Activate 
'significance' 
Activate KC132 
‘store new' 
Decrement 
LCR each Activate 
KL121 ‘significant 











cycle sce 


Ist cycle digit’ 











Clock 5&6 






Increment 
low order of 
BAR. Put ad- Activate 
dress in AAR ‘EA 
unless B field eliminate’ 
character 
was signifi- 
cant digit 






KY 










KG141 
Activate 
'misc bit 7 
to A’ 


KLI21 













KG141 































Activate KY121 
‘bin sub 
gate’ 
Activate KGI4I 
"misc bit 
Activate KL101 7 to A’ 
"LSR write 
high’ 
KY121 
Store A field 
character if B 
field charac- KL121 
ter is not sig-| Activate KY121 
nificant. "bin comp 





Load remain- 
ing length 
count into Q 


A reg' 







Increment 
high order of 
BAR. Check 
for significant 
digit or blank 





repeated until 
either a signi- 
ficant digit is 
found or the 


Q register is 
blank (end of 





(12/69) 5-122 
9 





















No 
Activate KL141 
"ARR seld’ 
Activate KLIO} 
"LSR write 
low" | 
Activate KLi21 
‘sel BAR' 
Activate KG141 
"gate LSR 
hi to B’ 
Activate KY121 
"bin sub 
gate’ 
Activate KYI121 
‘bin comp 
A reg‘ 
Signi- 
ficant digit No 
active 
Activate KLI41 
“ARR seld' 
Q RNV1T 
Ei register 
blank 
Tum on 
‘Op end' be 
trigger 


Activate KL101 


"LSR write 





No end 


END OF 
OPERATION 





Op Bit 6 


(not) Op Bit 7 
ot) Test On or OFF 


(not) Wait State 





RN131 


not) Op Bit 6 ee 
, (not) Halfword Format for 


(not): Significant Digit = 


(not) System Reset 


eee + [ones SAR 


6 +2P 


(not) Recompl Cycle! 





EB Cycle 


“EB Cycle 


Significant Al : cls 
Digit ; 
t Bae cl4 EB Trigger 


Store Dote Group| A [New Data to. 2 Address Format 


Storage... + i , = (not) Recomp! Gate A Op Bit 4 
pe =a, Es “ @ Reg Blank A |e 
KYI11 pee Ch6. . i. | Tot) B Reg Bit 4 dl Bete? yest KDI31 : ja EB Cycle 
Store New 


s ; 2 Address Format_- A @ A | ctdand4 
Chand 6 KCl OpBr4 = ; EB CIS and 6 Eliminate ja | s 


: Gate LSR Low Normal to B 
Gate LSR Lo To B not) Op Bit 5 JFC Instr es 
) 12p E bie ae. oe A FF (not) Zone Num Interchange 
KG131 ; 











not) Edit Instr 


Dec Instr 
EA Eliminate 


not) CE Test-No Increment 
(not) 1/0. Cycle Not Test 


i fot } Wait State 
not) System Reset 


Bin sone 


1/O Block SDR 
Alter SAR or Storage 













Inhibit SDR Transfe: 


16 + 2P 
VO Not 


Idle Tim 


Wait State 
System Reset ox | 
A 








CE Test 


A 
hannel Inhibit LSR ma cls or | 


4 Gate SDR To B 
not) Cl 3 and fe 2 2 Address Format 
. LEB Cycle 
cI 3 and 4, 
KGI41 Load @ Reg A 
Odd Not 9.CD 
KDI41  * 
AND Op Bit 4 not 5 


= 
ae EB 3E to 5C 


A L____ (not) Op Bit 






















: EB. Not Ist C 
A A 
t7 tA ae 2 Address Format. 







not) Op Bit 0 
not) Op Bit 1 


e KY101 not) Op Bit 
A or B Reg Chk 2 See : = 
Sel DRR | 
LSR to Aor B = Phase D An ' And LCR ie : 
ché : _ AAR (Hi) - AAR (Lo) 6] 
cA on oT aT spa Tse tre Tet stad STeTT “@ «ss 
- 5 ae e n EN: 
not) EB Cycle ‘| Hal fword: Format A? 
not) IH Cycle A Cl 3 and 4 : eee 
not) Alter or Display Storage A Seay ree? fit 
Cl 1 ond 2 EA Cycle 
KL101 


Significant Digit 


Diagram 5-124. Insert and Test Characters (PART 3 of 3) 






A not) Recompl KLI21 Jor EBCycle © | = i ¢ 
EB Cycle ms: : : 


EA Cycle a 


Cl 5 Thru 0 : 
A o feos S 
not) Inhibit LSR Sel 


A SiG: 
ss 


A C1 5 Thru 0 
A (not) Recompl Cycle st, a 


* 
aby 








“KDI 


not) Single EB Cycle Instr 


(not) Op Bit 4 


One Address Instr 


NM 


“$410 FEMDM (12/69) 6124 


Diagram 5-130. Branch On Condition 


2 Vv 


Branch an Condition 


Bits 01234567 
Op Code 11 xXx0000 
A + — «lition register is tested for condition 


wacitiad in Q cade 
@ Kranch to address is placed in ARR 
» hit Gat Q code is used to specify if the 
cranch is performed on condition true or 
> condition false 
+ "SB ARR interchange if tested condition is satisfied 
® Toke I-H ond I-L or I-X cycle 


SEE DIAGRAM 5-030 (I-H, I-L) 
5-042 (i-X) 


CONDITION 










condition 








IAR/ARR 


Branch yee te 


(Diagram 








| Tested during I-Q cycle. 
| Activates Br-Jump true FL 


4-073) 
KDISt 


Diagram 5-140. Jump On Condition 


Vv 5 Vv 


Jump On Condition 
Bits 01234567 
Op Code 11110010 


@ Condition register is tested for condition 
specified in Q code 


e@ IF tested condition is satisfied, control 
code is added to IAR for next sequential instruction 


@ Q code bit 0 is used to specify if jump 
is performed on condition true or 
condition false 

@ Take I-R cycle 


SEE DIAGRAM 5-020 


JUMP ON CONDITION 





Tested during 1-Q cycle. 
Activates Or-Jump true FL 
(Diagrom 4-073) 


Diagram 5-150. Start I/O (12/69) $-130 
; 5-140 
8 Vv 9 5-150 
Start /O 
Bits 01234567 
Op Code TIPr10011 
e Stort VO device or enable/disable 


dual programming feature 


@ Q code contains device address ond 
function to be performed (read, punch, etc) 


@ Control code contains odditional instruction 
for device (space, stocker select, etc) 


@ V/O device busy couses; (1) program to 
loop on SIO instruction if dual programming 
is not installed, or (2) progrom level ad- 
vance if dual programming is installed and 
enabled 


@ Take I-8 Cycle 
SEE DIAGRAM 5-020 












Tested during I-Q cycle 
cl 8. Activotes ‘program 


interlock’ (Diagram 
4-030) KDI31 





LEVEL ADVANCE 


Diagram 5-160. Load L/O 


2 Vv 


LOAD //O 










Clock 0 





Activate 
‘Sel BAR’ 









Activate 
"Load SAR 




















LSR 
selected by 
Yo 






Activate 'LSR 
Write Low' 





Write Hi! 


Data available 
Ite /O 

register 
lon DBO 


Activate 'LSR 






Clock 5 gnd 6 





Activate 
"Sel BAR’ 





"Mise Bit 7 
to A’ 






Activate 'Bin 


Activate 'LSR 
Write Low' 





Cycle 


Clock 
Reed CallWrite Call 


Load SAR 





BAR Select 
LSR Select 

A Reg tnput 
B Reg Input 
Load A and B Reg 
Bin Sub Gate 
Load ALU 
ALU Output 
Load LSR 
Store New 
First E Cycle 
EA Eliminate 


Op End 


Turn on 
‘Op End! 


(12/69) 5-160 


Vv 5 Vv 6 Vv 7 Vv 8 Vv 9 


Decrement 
high order 
of BAR 








Activate 
"Sel BAR’ 










Activate 
‘Gate LSR, 
Hi to B 








Activate ‘Bin 
Sub Gate’ 









Activate 
"LSR Write 
Hi' 







No 







ALD 
Reference 









ES 

















ot) Op Bit 6 and (not) 7 













Op Bit 5 
Oo EB Cycle 
A pot) Op Bit 4 Inhibit SDR Transfer Son ibe 
EB Cycle 
ot) Recomp! Cycle 
not) C! 3 and 4. . KDI31 
Wait State 
> : systery Reset IN Gote SDR to B 
Alter SAR or Storage KGl4l —_— 


, foroge — 






not) I/O Not CE Test 
Force Bit 7 to A A not) 1-R Program Back-up 
B Ct 5 and 6 
KGIa1 
Cl 7 ond 8 
A Gate LSR Hi to B 
Wait : 
. He 
A Gate LSR Lo to B 
Cl Sand 6 
cio KG141 
Phase DE Load X 
t) Wait SAR 
ri KCci42 
> DBO 
! 
aa cls l 
Channel Inhibit LSR Load ; Phase D i LSR Write Hi ~N S 
‘© Not CE Test NN ue foes 
. or register in 
Idle Time IN | ms \/O attachment is 
D Aor B Reg Chk selected by that attachment 
A 
LSR to Aor 8 2 LSR Write Lo 
KLIO] mn 7 me EB Cycle 
BAR (Hi) BAR (Lo) Sel BAR ot) Recompl_ Cycle 
> POTTS eT Tee SFiS torouah 6 


16 + 2P 





Diagram 5-162. Load I/O (Part 2 of 2) : 5410 FEMDM (12/69) 5-162 


Diagram 5-170. Sense I/O 


2 Vv 3 


SENSE I/O 



























Clock 0 
A Activate 
‘Sel BAR’ 
Activate 
> *Lood SAR' 
Clock 3 and 4 
Add A register /O device 
selects 
attachment 
register or 
B LSR in CPU 
| 
So KG131 
Activate 
' ‘Gate LSR 
ren Lo Normal 
o A! 
Clock 4 





Enter result in 
SDR and 
into storage 





Activate 
‘Store Data 
Group" 





Activate 
"New Data to 
Storage’ 


Activate 
‘Store New' 





Clock 5 and 6 


















Clock 7 and 8 











Activate 
‘Sel BAR’ 





Activate 
"Gate LSR Lo 


"Bin Sub 


Activate 'LSR 
rite Low' 


Cycle 


Clock 
Read Cali/Write Call 

Load SAR 

BAR Select 

LSR Select (I/O attachment) 
A Reg Input 

B Reg Input 

Load A and B Reg 

Bin Comp A Reg 

Bin Sub Gate 

Load ALU 

ALU Output 

Store New 

Load LSR 

First E Cycle 

EA Eliminate 


Op End 













Decrement 
high order 
of BAR 





Activate 
"Sel BAR’ 





Activate 
‘Gate LSR 


Activate 'Bin 
Sub Gote' 


Activate 'LSR 
rite Hi! 


Sense I/O 


Bits 0 
Op Code 0 


on 
xn 
x w& 
On 
On 
Oo 
on 


Objective: 


@ Move two bytes from register selected by 
I/O attachment to storage 


(12/69) 5-170 


V 9 


ALD 
EB Reference 





Op Bit 6 





E-B Cycle 
not) Op Bit 7 = or | A New Data to Storage, 
not) Test Off or On A Store Data Group cl4cb FL 
A not) Op Bit & KYH 
ot) Op Bit 4 
Halfword Format 
A N 
One Address Non Branch + | | RNI31 KC132 KD131 
RNI11 
Store New 
Cl 7 and 8 
Wait 


Gate LSR Hi to 8 
System Reset 


sl 







= Gate LSR Lo to B 





SAR KG141 
c clo 
Phase_DE A Load SAR 
not) Wait x 
KC142 
Force Bit 7 to A 
cl 8 
Channel Inhibit LSR Load Phase D Peal 
D A 
U/O Not CE Test LSR Selected By 
Idle Time VO Attachment 
A or B Reg Chk 


LSR To Aor B 
LSR Write Lo 


> clé rr * 
KL101 EB Cycle 


LC ) 
BAR (Hi) BAR (Lo) Sel BAR A not) Recompl Cycle 
Cl_5 through 0 


Pov [2 Js T4Ts[sT7 fot fT 2tst4ts fet | KLI2] 





16 + 2P 


Di 5-172. S I P 
jagram ense 1/O (Part 2 of 2) 5410 FEMDM = (12/69) 5-172 


Diagram 5-180. Test I/O and Branch 
2 Vv 
Test I/O and Branch 
@ Test for |/O condition specified in 
Q code N field 


A @ Branch to address is loaded into ARR 


@ IAR/ARR interchange occurs if tested 
condition is satisfied 


@ Take |~H and I-L or I-X cycle 


SEE DIAGRAM 5-030 (I-H, I-L) 


P 5-042 (I-X) 


TEST I/O 
AND BRANCH 












|-Op 
Cycle 
Diagram 5-010 










1-Q 
Cycle 
Diagram 5-010 









Instruction 
Format 





Op Cycl 1-Q Cycle 1-H I-L 
Op Code Q Code Cycle Cycle 
91234567101 23 4 56710123456 701 2 











45.6 
Device Tested 
1T1xXxX00071 ee a oe Branch to Address 


Tested conditions are 
described in theory 
of operations manual 
for the individual 
1/0 attachment 















Primary or 
secondary unit 
(hopper, etc ) 








sete 


Correct address, valid N 
code, condition for branching 
not met--proceed with next 
equentig! instruction 

Correct address, valid N 
code, condition for branching 
met~~branch to new address 








'V/O Condition B' only 














'VO Condition A! only 












Incorrect parity--causes 
processor check and DBO 
parity check 






Both lines 










Invalid address or N code 
--causes processor check 
and invalid device address 





Neither line 






Diagram 5-190. Load Address 
Vv 8 Vv 


Load Address 
Bits 01234 
OpCede 1 1XXO0 


On 


67 

10 

@ Load one or two bytes from storage into one 
of the two index registers 

e If instruction format is four bytes, load two 
byte address into index register selected 
by Q code bits 6 and 7 

@ If instruction format is three bytes, odd last 
instruction byte to index register selected 
by Op Code bits 2 and 3. Then load result 
into index register selected by Q code bits 
6 and 7 

@ Take I-H and I-L cycles (four byte format) 
SEE DIAGRAM 5-030 

@ Take i-X cycle (three byte format) 


SEE DIAGRAM 5-042 







LOAD ADDRESS 





|-Op 
Cycle 
Diogram 5-010 






Indexed (3 bytes) 





l-H, I-k 
Cycles 
Diagram 5-030) 











5-180, 5-190 


Advance Program Level 


Bits 01234567 
OpCode 11110001 
Basic Machine 

A @ Test for |/O condition specified in Q code N field 


@ Loop on APL instruction until condition tested for 
no longer exists 


e@ Q code N field of all zeros causes automatic 
advance to next sequential instruction _ 


> @ Take I-R cycle SEE DIAGRAM 5-020 
Dual Program Feature Enabled 
© Test for |/O condition specified in Q code'N field 
© Program level advance if condition is satisfied 


© Program status register (PSR) contains recall 
information for returning to original program 


ADVANCE 
PROGRAM LEVEL 


® Take I-R cycle SEE DIAGRAM 5-020 








| Tested during I-Q cycle 
| cl 8. Activates 'progrom 
| interlock’ (Diagram 

| 4-030) 


programming 
enabled 


ALTERNATE 
PROGRAM LEVEL 


Diagram 5-200. Advance Program Level 






NEXT SEQUENTIAL 
INSTRUCTION 


I-Op Cycl 1-Q Cyel 
Cle 
Op Code 
fit teoe 1 oa 4 567 









tested are de- 
scribed in the 
Theory of Operation 
Manual for the indvi-+ 
dual I/O attechment 








(hopper, etc ) 


Correct address, valid N 


7 eee code, device not busy and 
V/O Condition B' only doen't need sttention 


Correct ee valid N 
‘I/O Condition A' only] code, device busy or needs 


attention--instruction rejected 


Incorrect parity-~causes 
processor check and DBO 
parity check 


Invalid address or N code 
--couses processor check 
and invalid device address 





~ Halt Program Level 
Bits 01234567 
Op Code 11110000 
Basic Machine 


@ Prevents execution of next sequential instruction 

@ Loops on instruction until system stort key is pressed 

@ Instruction bytes two and three are displayed on console 
Dval_Progrom Feature Enabled 

@ Prevents execution of next sequential instruction 

@ Branches to alternate program level if DPF is enabled 


© Program returns to original level if appropriote halt 
reset key is pressed 


@ Take I-Rcycle SEE DIAGRAM 5-020 









HALT 
PROGRAM LEVEL 





ALTERNATE NEXT SEQUENTIAL 
PROGRAM LEVEL INSTRUCTION 


Diagram 5-210. Halt Program Level 5410 FEMDM 


5-200, 5-210 


Diagram 5-220. System Reset (Part 1 of 3) 


CLOCK 0 

CLOCK | 
B 

CLOCK 2 

CLOCK 3 


> CLOCK 4 


CLOCK 5 


CLOCK 6 


Vv 3 Vv 4 Vv 5 Vv 6 





















Activate ‘Force Clock Activate ‘Load Op Reg’ Activate ‘Load SAR' 


9: 


Activate 'IAR Seld' Activate ‘Op End! 










Activate 'Load A or 
B Reg' 


Activate ‘Load @ Reg’ 
and ‘Load Op Reg’ 











Reset A or B register; 
set P bit 


' 

' 

e-- 

\ 
AV132 


ALU output shouid be 
zero 


Activate ‘Load ALU’ 









Activate ‘Load A or 
B Reg' 










Activate ‘Load Q Reg’ 


Reset to zero 
and ‘Load Op Reg’ 










JAR and P5R are selected 


Activate ‘LSR Write Lo! 
and reset. 





Activate ‘Load ALU' 





Activate ‘Load A or 
B Reg’ 





Activate ‘Bin Sub Gate’ Activate ‘Load @ Reg’ 


AV132 KL101 


Activate ‘Load ALU' Activate 'LSR Write Lo’ 





Note: System Reset is enabled only 


in process mode (KB141) 


KY121 







| 

| ‘Bin Sub Gate’ left up 
from last operation 

' 


PSR 


Selected 


CLOCK 7 


CLOCK 8 


CLOCk 9 






(9/70) $-220 


Vv 8 Vv § 









Activate Lood 7) Reg’ 
and ‘Loau sop Reg! 


Activate ‘Load A oa: 
B Reg' 





Activate ‘Load ALU’ 


iAR and PSR ore 


: 1 SAR 
Activate ‘Load SAP selected and reset 


| aaa een eer 





Note: 1. Refer to Diagram 4~020 
for clock circuits 

2. Refer to Diagram 4-030 
for cycle controls 


Diagram 5-222, System Reset (Part 2 of 3) 


C4 

not) EB Cycle 

not) I-H Cycle A 

not) Alter Display or Storage clé 


Channel Inhibit LSR 


(Odd not 9CD) 


Phase D 


ci 3 





RAIO] 


Sel AR CE or Sys Rst 


/O Not CE Test & 
Idle Time 

A or B Reg Chk 

LSR to Aor B 
18 + 2P 


Load A 


A 


KL101 


KL 





KDI31 


Cl_3C to SC 


LSR Write Lo 


JAR Seld 


IAR System Sel 





KY121 


Bin Sub Gate 


JAR (Hi) IAR (Lo) 
POoTiT2T3 T4TSTet7 Popiy2yst4t syst?) 


AR 












Even not 0 CD 








5410 FEMDM (12/69) 5-222 


Diagram 5-224. System Reset (Part 3 of 3) (9/70) 5-224 


2 - 3 Vv 4 Vv 5 v 6 Vv 7 Vv 8 Vv 9 


System Reset Cycle ALD Reference 


Clock 

Force Clock 9 

Read Call/Write Call 
p> Load SAR 

TAR Select 

A Reg Input 

B Reg Input 
Cc Load A or B Reg 

Bin Sub Gate 

Load ALU 

ALU Output 
> LSR Write 

Store New 

Op End 

Load Op Reg 


D Load Q Reg 





Note: Parity checking is disabled during System Reset 


2 Vv 


Initial Program Load (IPL) 
Objectives 
5410 


@ Program Lood Key initiates system 
reset cycle 


Clock starts and continues to run 


@ System reset cycle causes: 


> (1) DBO 7 (MFCU) 
DBO 5 (File 


(2) All zeros written into |AR and MRDAR 
(MFCU) or DFDR (File) 


e@ 'I/O Condition B' resets IPL latch at end of 
data transfer and activates process run. First 
B I-Op cycle addresses storage position 0000 
(IAR set to all zero) 
5424 
@ DBO bit 7 to MFCU 
> @ Reset MRDAR to 0000 
@ Set execute primary latch in MFCU 
© Set execute read in MFCU 


@ Set execute feed in MFCU 


Diagram 5-225. Initial Program Load (IPL) 


START 






System reset cycle 
Diagram 5-220 






Clock continues to run. 
Activate ‘wait state’ 


VO attachment requests 
cycles to transfer deto 
beginning in storage 
location 0000 (date 
address register ofl 
zeros) 










'/O condition 8' resets 
IPL at end of dete 
transfer 


Activate 'process run’ 


END TPL 











11. Send DBO bit 7 (MFCU) or bit 
| 5 (file) 

lt 2. Select IAR and MRDAR (MFCU) 
j ., oF DFOR (file) 

| 3. Loed selected LSRs with al! 

1 


zeros 






Program begins with 
tAR et 0000 


5410 FEMDM (9/70) 5-225 


Diagram 5-230, Alter SAR (Part 1 of 3) 


2 v 


Alter SAR 
A Objectives: 


@ Load contents of four console 
Address/ Data switches into 
the Instruction Address 
Register (IAR) by way of Data 
Bus In, A register and ALU 


@ Load SAR from the IAR at 
clock 9 time 


@ When start key is pressed, 
the clock runs 0 thru 4. 
When start key is released, 
clock runs from 5 thru 9. 


ALTER SAR 


Clock_0 















Clock 3 and 4 






Gate console bits lo 


Address storage from DBI to IAR 


Activate ‘IAR Seld' 







Inhibit SDR to B 






Activate 'IAR Seld' 


Activate 'Load A or 
B Reg’ 


Activate 'Bin Sub Gate' 


Activate 'Load ALU 


Activate ‘Force Clock 9! 










! 
— — —{ Complement A Register 


Activote 'Bin Sub Gate' 
: t 


Activate ‘Load SAR' 


Activate ‘Write LSR Lo‘ 





Clock 1 and_2 





Gate console bits hi 
from DBI to IAR 


Clock steps 4A,B,C,D,E 
and stops at phase F. 
Clock re-starts when 
start key is released 


Activate 'Read Call/ 
Write Call' 










Clock_5 and 6 


Move IAR lo thru 8 reg, 
ALU, and back to IAR 
(no change) 











Activate 'Read Cal!l/ 


Activote 'IAR Seld Write Call’ 









Activate 'Load A or 


B Reg! Activate 'tAR Seld' 


Light binary Activate 'Load A or 


subtract indicator 


Activate 'Bin Compl 7 
A Reg! | 





Binory subtract is 
up in test mode. 






Activate ‘Load ALU' 


Activate 'Write LSR Lo!’ 





Activate ‘Write LSR Hi! 


Clock 7 and 8 


(9/70) 


8 Vv 9 





Move JAR hi thru B reg, 
ALU and back into 
AR (no changes) 











KLI4t 


Activate 'IAR Seld' 


Activate 'Load A or 
8 Reg’ 


Activate ‘Load ALU' 


Activate 'Write LSR Hi' 


Clock 9 





Move contents of IAR 
to SAR 


Activate 'IAR Seld' 


Activate ‘Load SAR’ 







DBI From Add Data Switches (4) 


Load A or B Reg (odd not 9CD 











RATON 
B 
Bin Sub Gate 
> cl2 
Alter SAR 
cl8 
LSR Write Hi 
Channel Inhibit 
\/O Not CE Test 
> Idle Time 
Cl é A or B Reg Chk 
Alter SAR ieee [or LSR to Aor B 
on | Sel IARC IAR (Hi) IAR (Lo) 
e061 Loliv2[3l4isleT7joTil2[3f4i51 417] 
cl4 
not) EB Cycle 
8+P A {__(not) I-H Cycle 
ot) Alter or Displa 
16 +2P 


Note: Refer to diagram 4-020 
for clock circuits 


E Refer to diagram 4-035 
for run controls 


Diagram 5-232, Alter SAR (Part 2 of 3) 


5410 FEMDM (9/70) 


Diagram 5-234. Alter SAR (Part 3 of 3) (9/70) 5-234 


2 Vv 3 Vv 4 Vv 5 Vv 6 Vv 7 Vv 8 Vv 9 


ALTER SAR 


Start Key Pressed Start Key Released 


ALD Reference MDM Reference 


> Clock 
















Force Clock 9 KA232 4-020 
eee once ace a ee 

c isis [eet 2 ems cas 
AR Select KL141 
A Reg Input RAI} 
B Reg Input RAO 

> espa. Mine wae NO Sg = ae ge sai 
Bin Compl A Reg aaa ae KY121 
Bin Sub Gate 5 KY121 
csaiiaei ew ce el oe Seas eae ve 

a 

D ALU Output AV142 

ceelise Py cseees Soc cdf aia. )t 2 lg eel og be caa cae zeitt 





Alter Storage 
Objectives: 


@ Transfer data from right most two 
A console Address/Data switches (one 
byte) into Q reg and storage location 
designated by SAR 


Clock 1} and 2 





@ With storage test switch in STEP; 
pressing stort key advances clock 
through 4 time. Releasing start key 
advances clock through 9 time 


> @With storage test switch in RUN; 
clock re-cycles, skipping 9 time, 
until switch is retumed to STEP 


@Address Increment switch ON 
causes IAR to be incremented 
each CPU cycle 


@ Address increment switch OFF 
causes console data to be trensfered 
into same storage location each 
cycle 









ALTER STORAGE 







Clock 0 






Activate ‘Enable Clock 
Run' (Diogram 4-037) 






Storage 
test switch 






KA232 


Activate ‘Force Clock 9' 







KL 41 
Activote 'IAR Seld’ 


KC142 


Activate 'Load SAR' 






Diagram 5-240. Alter Storage (Part 1 of 3) 


Move data from con- 
sole switches (hi) 
(not used) 








Activate 'Read Call/ 
Write Call’ 






Activate '!IAR Seld' 






Activate ‘Lood A or 
B Reg' 







Activate 'Bin Compl 
A Reg! 






Activate 'Bin Sub Gate' 





Activate ‘Load ALU' 






Clock 3 and 4 
Move data from console 
Address/ Data switches 
(Jo) (Right most two 
switches, 













Activate 'IAR Seid’ 





Activate ‘Load A or 


Activate 'Load ALU' 






Activate ‘Store New! 






Storage 
test switch 











If storage test switch is 
in STEP, ‘Enable Clock 
Run' is activated again 
when start key is re- 

leased 









Clock 5 and 6 


Modify low order of 
instruction address 
register 








KC132 


Activate 'Read Call/ 
Write Call' 






Activate ‘Load @ Reg' 






Activate 'IAR Seld' 










Address 
increment 
switch 


Off 







Activate 'Mise Bit 
7 to A’ 






RAIO1 


Activate 'Lood A or 


B Reg! 





KY121 


Activate ‘Bin Sub Gate’ 





AV132 


Activate 'Lood ALU' 


KL101 


Activate 'Write LSR Lo! 





Clock 7 and 8 


Modify high order of 
instruction address 
register 








KLI41 






Activate 'IAR Seld' 






Activate ‘Load A or 
B Reg' 





Activate ‘Load ALU' 





Run Storage 
test switch 


feP KLI4I 
Clock 9 KC142 





Activate 'Write LSR Hi' 


Activate 'IAR Seld' 


and ‘Load SAR' 





END 


5410 FEMDM (12/69) 5-240 


Diagtam 5-242. Alter Storage (Part 2 of 3) (12/69) 5-242 


2 Vv 3 Vv 4 Vv 5 Vv 6 Vv 7 Vv 8 Vv 9 







Cl 3 and 4 





> Load A or B Reg (odd not 9CD. 
RAI01 
B 


not) 3C to 5C 
> Phess Test Mode ot | 





Channel Inhibit LSR 


LSR Write Hi A VO Not CE Test 


AT Phase D 
or | idle Time 
A A or B Reg Chk 
clé A 
LSR to Aor B 


KLIOt 


Loli f2tst4tslet7folti T2i3t4isjet7| 





Aiter/Display Storage 
Select JAR CE jon 


KL101 































Pl 
Off 


P2 
Off 


Address 1/O cE 
Compare Check Key 


QO: © 






Pl 
Off 


Address 1/O 
Compare Check 





Off 


Address Increment Switch: 


ON - IAR incremented by 
one each CPU cycle 


VO Parity Addr I/O 
Check Check Comp Overlap 
Stop Run 


® ® 












OFF - IAR addresses same 
storage position each 
CPU cycle 





LSR Display 


LSR Display 
Selector 


Selector 


Start Key Held In Start Key Released 





ALD 

> Reference 

Clock F KC122 Clock ose 

—_ 
Force Clock 9 KA232 Force Clock Recycles until 
storage test switch 

Read Call Write Call KC132 Read Call/Write Call is changed to STEP 
D Load SAR KC142 Load SAR 

Enable Clock Run KA232 Enable Clock Run ae 

IAR Select KLi41 IAR Select 

aay Console Bits Hi Console Bits Lo ees At = =I 

A Reg Input RAI11 A Reg Input 
> B Reg Input RAO} B Reg Input 

Load A or B Reg RAI101 Load A or B Reg 

Bin Compl A Reg KY12) Bin Compl A Reg 

Bin Sub Gate KY121 Bin Sub Gate 
E Load ALU AV132 Load ALU 

toad LSR KLI01 Load LSR 

Store New KC132 Store New 

Load @ Reg KD141 Load Q Reg 





Diagram 5-244, Alter Storage (Part 3 of 3) 5410 FEMDM (12/69) 5-244 


Diagram 5-250. Display Storage (Part 1 of 3) 


2 Vv 3 Vv 


Display Storage 
Objectives 


@ Transfer data from storage position 
addressed by SAR into Q register and 
A display in console lights when drum 
switch is in position 5 


@ With storage test switch in STEP; 
pressing start key advances clock 
through 4 time. Releasing start key 
advances clock through 9 time 


> @ With storage test switch in RUN; 
clock re-cycles, skipping 9 time, 
until switch is returned to STEP 


@ Address Increment switch ON 
causes IAR to be incremented each 
CPU cycle 


B @ Address Increment switch OFF 
causes console data to be transfered 
into same storage location each 
cycle 





ALTER STORAGE 








Clock 0 







Address storage 











Storage 
test switch 


Activate ‘Enable Clock 
Run! (Diagram 4-037) 


Activate 'Force Clock 9! 






Activate 'IAR Seld' 


Activate 'Load SAR' 









Clock 3 and 4 





Move data from storage 
to console display 





Activate 'IAR Seld’ 






Activate 'Load A or 
B Reg' 






Activate 'Gate SDR 
to B’ 






Activate 'Bin Sub Gate’ 





Activate 'Load ALU’ 







Storage 
test switch 















lie storage test switch is 

| in STEP, ‘Enable Clock 
Run’ is activated again 

| when start key is 
released 






key released 
(diag 4-037) 














Clock 5 and 6 


Modify low order of 
instruction address 
register 








Activate ‘Read Cail/ 
Write Call! 





Activate ‘Load @ Reg' 





(12/69) 5-250 


Vv 8 Vv $ 


Activate 'IAR Seld' 









Address 
increment 
switch 


Off 






Activate 'Misc Bit 7 
to A' 





RA101 


Activate 'Load A or 


B Reg’ 





KY121 


Activate 'Bin Sub Gate' 





AV132 


Activate 'Load ALU' 





KL101 


Activate ‘Write LSR Lo! 





Clock 7 and 8 
Modify high order of 
instruction address 
register 








KLI41 





Activate 'IAR Seid' 







Activate 'Load A or 
B Reg' 









Storage 
test switch 






Activate ‘Load ALU' 


Step K1141 
Clock 9 KC142 


Activate 'IAR Seld’ and 


Activate 'Write LSR Hi’ 





‘Load SAR' 





END 


Wait State 

System Reset 

EB Cycle 

not) Recompl Cycle 


Inhibit SDR Transfer 


Wait State 


> System Reset 


Phase_DE Load A or B Reg 
Clock 9-0 A [bood SAR_Y 
> ot) Wait State 


KC142 


Diagram 5-252, ‘Display Storage (Part 2 of 3) 


3 Vv 4 Vv 5 Vv 6 Vv 7 Vv 8 Vv 9 


Gate LSR Hi to 8 
: Gate LSR Lo to B 
Cl 5 and 6 


not) 3 and 4 Time 
Alter SAR or Storage Gate SDR to B 
V/O Block SDR 


Cl_7 and 8 


KGI4! 






Main Storage 







Bin Compl A Reg 


Z 





Iwjofofato [se T=Jo] 
2 






(not) 3C to 5C 


Bin Sub Gate 
Test Mode 


Kv121 


Switch 





CLPLO1} 2] 3} 475} 6] 7] ALU Output ___ | 


Ml 





9 


AV152 


s 


Chonnel Inhibit LSR 


cls 
LSR Write Hi A ‘O Not CE Test 
on | Idle Time 


A or B Reg Chk 


Breer 





IAR (Hi) IAR (Lo) JAR Seld 
oli {2i3f4i[s5[é6l7folif2[3s[4 5 [47] 
Select IAR CE on | 


16 + 2P KLI01 


8+P 


Alter/ Display Storage 


5410 FEMDM (12/69) 5-252 


Diagram 5-254. Display Storage (Part 3 of 3) (12/69) 5-254 


2 Vv 3 Vv 4 Vv 5 Vv 6 Vv 7 Vv 8 Vv 9 






Address Increment Switch: 























Address |/O 
Compare Check 


O O 


Address 1/O 
Compare Check 


PI 
Off 


P2 


Off ON - IAR incremented by 


one each CPU cycle 























IAR addresses same 
storage position each 
CPU cycle 


OFF - 


































1/0 Parity 
Check Check 
Stop Run Stop Run Stop Off 
B Run___ Stop” Run Stop 





LSR Display 


Selector 


LSR Disploy 
Selector 


Start Key Held In Start Key Released 


ALD 
Reference 


Clock KC122 Clock 


ee 
Recycles until 


storage test switch 






Force Clock 9 KA232 Force Clock 9 





Read Call/Write Call KC132 Read Call/Write Call is changed to STEP 
D Load SAR KC142 Load SAR 
Enable Clock Run KA232 Enable Clock Run 
IAR Select KL141 IAR Select 
=. 
A Reg Input RAIN] A Reg Input 
Pesore | | AR (Lo) AR Hi 
> B Reg Input RA101 B Reg Input 
Load A or B Reg RAI0} Load A or B Reg 
Bin Compl A Reg KY12) Bin Compl A Reg 
Bin Sub Gate KY12) Bin Sub Gate 
E Load ALU AV132 Load ALU 
toad LSR KL101 Load LSR 
Load Q Reg KD141 Load Q Reg 


Interrupt 
Objectives: 
@ Interrupt enable is turned on in I/O 
A attachment by control code of SIO 
instruction 


@1/O attachment sends interrupt request to CPU 


@ Interrupt occurs only after current instruction 
is Finished 


> @ Interrupts main program with separate program 


@ Highest interrupt device takes precedence 
over lower level devices 


@ Interrupt program ends with another SIO to 
disable interrupt 


Diagram 5-260, Interrupt (Part | of 2) 


START 











CPU executing main 
program instructions 





Start |/O enables 
interrupt (device 
specified by Q code) 


Interrupt poll (op end 
clock 5 to 8) 





Interrupt 
request 











Select IAR for 
interrupt level 





Execute interrupt 
program 





Store status of 
registers used in 
interrupted program 


Disable interrupt with 
S1O (last instruction 
in interrupt program) 











RETURN TO 
INTERRUPTED 
PROGRAM 


Op Code Q Code 


Byte | Byte 2 Byte 3 
0 3.4 7 0 7 


0 3°94 ~°5 7 














Op Code = F3 
SIO Instruction 


Control Code 


Bit 0 = Programmed Numeric Mode 
Bit | = Programmed Lower Shift 
Bit 2 = Error Indicator 

Bit 3 = Not Used 

Bit 4 = Restore Data Key 

Bit 5 = Unlock Data Key 

Bit 6 = Enable Interrupts - Off disables interrupts 
Bit 7 = Reset Interrupt 










Device Address Equals 
0001 (1) for keyboard 










M and N field must 
be zero or CPU will 
stop with processor 
check and inv-Q 

indicator on 


SIO Instruction Format for 5475 Keyboard (interrupt level 1) 


5410 FEMDM 


(12/69) 


5-260 


Diagram 5-262. Interrupt (Part 2 of 2) (12/69) 5-262 
2 Vv 3 Vv 4 Vv 5 Vv 6 Vv 7 Vv 8 Vv 9 


Op End 
wi A Load Interrupt Fj 
C Advance 


System Reset 


A Inter Req 4 AR/ARR Int Lv ~ 4 Seld 


41" 
Fy 





ARR/IAR Int Lv - 4 Seld 
ARR Seld 


IAR Seld 


EB Interrupt Register Instruction 


IAR/ARR Int Lv ~ 3 Seld 


slo 
> Clock 5 Instruction 


I-R Cycle 
c 
| 


ARP/IAR Int Lv - 3 Seld 


IAR/ARR Int Lv ~ 2 Seld 


ARB/IAR Int Lv - 2 Seld 


IAR/ARR Int Lv - 1 Seld 





ARR/IAR Int Lv - 1 Seld 


E Op End Gate 
: A 
Clock 5 to 8 Interrupt Poll 
TA» Interrupt Level_O Request 
Diag 4-074 Note: Refer to Diagram 4-074 for circuits 


describing interrupt level 0 (dua! program) : ; KT131 


| 
A 
Turn on on/off switch. 
Energize K3 
B 1. Apply power to use meter power pack. 


Diagram 6-005. Power Control Sequencing Flowchart (Early) 


$$$ 3 $y 46 — 9 8 ar re BS 


POWER ON SEQUENCE 




















Turn on maintine C8 Activate power control circuits and 


energize convenience outlets. 


Energize +24 Vdc control power 

supply (TP2 = +24 Vdc) 

1. Energize K1 (115 Vac conven- 
ience outlet power available) 

2. Energize K2. 


Start with power available at 
input of mainline CB. 


If the lamp test switch is pressed, 
only the thermal and power check 
indicators light. 


2. Apply power to logic and memory supply. 
3. Apply power to gate and power supply fans. 


Logic _ supply energizes regulators. 
1. Bias voltage (20 Vdc + 10%) supplied to -4 Vdc, +6 Vdc, and -30 Vdc 
regulators. 
2. Bulk voltages supplied to each regulator (terminals E1 and E2 of each 
regulator) 
10.2 Vdc to -4 Vdc supply (+ 10%) 
12.4 Vde to +6 Vde supply (+ 10%) 
46 Vdc to -30 Vdc supply (+ 10%) 


c BSCA feature Ye 


No ae 26 Vac to BSCA -12 Vdc supply 
. Energize K30 (sense BSCA -12V") 


: ‘ TPQ = 0 Vdc B 


-4 Vdc reguiator output available 
1. Energize K5 (senses -4V output) and -4V logic supply 

2. Transfer K5-2 (TP2 = 0 Vdc) #3 are installed, K17-1 
3. Transfer K5-1 (starts +6 Vde Lea: :-»fand K19-1 are wired in 


installed 


If -4V logic supply #2 


regulator) series with K5-1; if -4V 
D logic supply # 2 is 
jinetalles,, K17-1 and K51 
4 Vdc logic Yes are in series, 
2| supply #2 
installed 
-4 Vdc logic Yes 
Kd supply #3 > 
installed 
i No 
Energize K19 when 
Energize K17 when -4V output is avail- 
-4V output is avail- able 
able. 1. TP4 = 0 Vde 
E 1, TP3 = 0 Vde 2. K19-1 is in series 
2. K17 is in series with K5-1 and 
with K5-1, K17-1. 


adhenax oak 


Start voltage is applied to E12 of the +6V regulator. 


+6 Vdc regulator output available 

Energize K6 (senses +6V output) 

TPS = 0 Vdc (K6-2 contacts) 

Activate -4V UV ax circuit (K6-3 contacts) 
Energize time delay relay K7 (K6-1 contacts) 
K7 energizes after 1 to 3 seconds delay. 
Start -30 Vdc regulator (K7-1 contacts - - 
E12 terminal) 


OnPron> 


-30 Vde AM output available 

1. Energize K8 (sense -30V output} 

2. TP6 = 0 Vde (K8-2 contacts) 

3. Energize K9 (Energized by K8-1 contacts) 
4 


. KQ supplies AC power to !/O device power 
supplies and amp supplies. Clock 9 is 
forced on. 

(220/235 Vac supplied to 1/O for 50 HZ 
208/230 Vac supplied to I/O for 60 HZ) 


+24 Vde 5424 supply and +60 Vdc 5203 supply 

outputs available. 

1. Energize K10 and K11. 

2. K10-1 and K11-1 hold K3 energized until 
both +24 Vdc 5424 supply and +60 Vdc 
5203 supply are powered down during a 
normal power off sequence. 

3. TP? = 0 Vdc (K10-2 contacts) 

4. TP8 = 0 Vde (K11-2 contacts) 


Energize K12 

1. Turn off power check light (K12-1 contacts) 

2. Remove power on reset and turn off clock 9 
(K 12-2 contacts) 


END OF POWER ON SEQUENCE. 
SYSTEM READY FOR PROCESSING 


POWER OFF SEQUENCE 


Turn off power on/off switch. 


Apply +24 Vdc to -4V undervoltage ax 
circuit to prevent abnormal power 


down sequence (section C of on/off switch) 


De-energize K 7 to turn off -30 Vdc supply. 

at same time as K7.) 

1. K1-1 removes start -30V. 

2. Turn off -30V regulator (20 Vdc bias and 46 Vdc bulk 
voltages are present at -30V input until K3 de-energizes). 


(De-energize K9 


De-energize K8 to sense when -30 Vdc supply output is not 
available. 


De-energize K12 

1. K12-1 contacts turn on the power check light. 

2. K12-2 contacts activate the power on reset relay tine to CPU. 
3. K12-3 contacts are used in the power on sequence. 


Transfer K9 contacts to remove input power to 5424 24 Vdc and to 
5203 60 Vdc supplies 


De-energize K10 {sense MFCU 24V) and K11 (sense 5203 60V) 


De-energize K3 to remove bulk and bias voltages to -4 Vdc, +6 Vdc, 
and -30 Vdc regulators. 


-4 Vdc logic ae 
supply #2 
installed 


De-energize K5 (-4V sense) 
after -4 Vdc output is no 
longer available. (TP2 = 
+24 Vdc - - Turn off power 


Note: 


pageres K6 (+6V sense) 
after +6 Vdc output is no 
longer available. 


END OF NORMAL POWER OFF SEQUENCE 


Power On Sequence 


(9/70) 6-005 





\ l 
Eo Note: <a KQ de-energizes slower than K7 
' ' 


-4 Vde logic Yes 
supply #3 | 
installed 


De-energize K19 (#3 
feature -4 Vdc sense) 
after -4 Vdc is no 
J available. 


De-energize K17 -4 Vdc No 
logic supply #2 sense 

after -4 Vdc is no longer 

a 


K1 and K2 remain energized as long as +24V sequence control 
voltage is available. 


Power Off Sequence 


1. Mainline CB On (On/Off switch off} =, I, 
2. +24 Vdc control voltage | aA, «STUER 
3. K1 (Convenience outlets) ATT GNEL, (SATA SESE TNC TE, 
4, K2 (Thermal light turns off) 2 ATR, SA EE ETT 
5. Power on/off switch Operator actin — | operator action 

6. K3 (Bias and bulk voltages) __5 sepemereercece oeemmmencianas fe 14 0nd 15 
7. KB (-4V basic) 5 eS TNCCAACSeTSNSSRSN,  {STSRAASNRSSOS J 
8. 17 (if 4V logic supply #2 is installed) «-_— pe nN queen 
9. _K19 (if -4V logic supply #3 is installed) _—— rena — $A. 
10. K6 {+6V regulator) A ee  _———eeEeEeee 
11. K7 (-30V) 1-3 sec Delay ____ 10 ees pee 5 

13. 9 (AC to t/O power supplies) __ 2 eer ee © (KQ de-energizes slower 
14. K10 (+24V from 5424) 13 Fe, pee! 3 than K7) 
15. Kt (+60V from 5203) 13 puma 


16. K12 (Power up - - Power check light 7, 8,9, 10, 12, 14, and 15 eer (eee 12 


turns off) 






















Logic & Memory 5410 CPU 5203 PEB 7 
Bulk Supply abermals gree ¢-————— +24V Gnd 
pe NW Oe) Pe See ee aa oe an J1-5 ‘ Ty 
4 7 (pe . 
Test jRelayof Supply 
int | # |Failure Checked 






I ay EA 


t 

1 

' 

| 

| 

! Vv 

I ! jE10 Basic E13) 

I J+ | | ES #1 E3 an! 
1 

: "AV | L YA103B | 

' 

' 

' 

j 


fi +24V Ground 

Ic -AV Basic Logic 

G el supply (Includes 
add-on) 


| -4V Logic supply 













gg: : 
dey BS Sepa LET sag on ba! 12 quence #2 Feature 
2oev | Main bone oT AC 1 1 _YA103B_ | 1B Gete) 
ov | bine b+ SEY 1 '  Preload ec. _|.-4V Logic supply 
=e “Teorrg : | #3 Feature 
Ly (B1) ; Resistor quence} 
1 Teg 7 7 4 (B Gate) 
ie E3 ! Feature P/S 


At El sey E8 


FI 4 Ea eet 


ine E13 


p| Feature 
quence 
Fiegulator and 













(9) 
+ w 
2 ; 
® 


















gate fans +6 e- : 
use meter Vv A103B) E14) erase quencel *6V Basic 
power pac| | +6 Volt aw Tet-1 E12! Plate 
Replacememt i 781 3 3 ve -30V Basic 
ulk Suppl Qe ee ; quence 
ooo \ K5-1 (start) . 
Shi +24V Basi 
$e |e : Se. asic 
—be, a 
DEAL ao E2 E4 | power iat Bus BSM-30V Gnd En (Located in 
Vrs {| [et eg a) BSM-30V —}-Mrcu) 
ase d 3 
F3~“30v tt E10 8 pute? ovioc P perks ecaeae 
F5 . u quence 
1859 Bias | 1 It | = a a of k15 js 5203 Printer) 
26V oe | T=? -30v E12 K15-2 Joc -4V Logic supply 
z O VY 
TB2-2; || |1_,YA103B g a 0 #3 Feature 
| AC ! 781-3 = A K7-1 (start) 
ify] JuUe--——— : = 
Brass’ Plate | _ YFS67_ a Memory Thermister foyer Py eoearay 


-4V Basic Logic 
OVOC| supply (Includes 





a~ Sense 
K12-3 5203 















| 
| 
| 
s 








' Jt-1 ,t60V a add-on) 
1 ; 
K14-1 TP zey Base 
' ‘ 70 @)13 -AV Basic 
Oo O - 
; vo —@)14 +6V Basic 
i fa eet = Sq 9 o&— 
1 ar. Kt | i Ax Inhibit 
! 1 | +24V YA108A, YA109 ov/oc 
oy ck) | Oe we pute 
\ ; 5 I | -4V Logic supply 4 - Kiet - 
B4-1! ra | ---- Sk ----4 pag eae a ‘Ssense 
¥ ' 2av : K3¢----75 T he ------ akvtr4 
4V MFCU to | Bay 1 -AVDC O Thermal ¢ Kit 
is | Goaasc 7 cPU ; Under Voltage; {| || | 9 keene 1 Bias &12 (start) age oa 4 
LYB115 ~~ PCB 1h | gy Controt a $SO-$ 1 
TB3 Tet1!! | 4 Brass Plate aaa ae oe v ' Flt 
ae ; YA102 Drive . Pease sea aey MONG 
i frases a ap gee sree #4. it FK18 | “Ss 
Gnd ' : Relay | Gnd Brass Plate VIO" K30 4 K3~--—-- ' = a2 ee — 
eee le ener eset TeVee | i eee, er 
if wa ees u i. MECU F2 {._Feature_! ; K19-1 gif oad SSS SSS g Gnd 
YBi11 YB116 YA140 ! eeoskt Brass 
! ' = Plate 
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Diagram 6-010. Power Control Sequencing Diagram (Early) By TNL: SN31-0301 5410DM (4/71) 6-010 


Diagram 6-015. Power Control Sequencing Flowchart (Redesign) 


(9/70) 6-015 


2} 3 ——___,§—_____4-_____¥—__ 5 ——__y—____ 6 7? 1-8 ——_y——— 9 
POWER OFF SEQUENCE 


POWER ON SEQUENCE 












Turn on mainline CB 











Activate power control circuits and 
energize convenience outlets, 


Energize +24 Vdc control power 

supply (TP2 = +24 Vdc) 

1, Energize K1 (115 Vac conven- 
ience outlet power available). 

2. Energize K2, 


Start with power available at 
input of mainline CB. 


If the lamp test switch is pressed, 
only the thermal and power check 


A 
indicators light. 
Turn on i: on/off switch. 
Energize K3 
B 1, Apply power to logic and memory supply. 


2. Apply power to gate and power supply fans. 


Logic A. supply energizes regulators. 
1. Bias voltage (20 Vdc + 10%) supplied to -4 Vdc, +6 Vdc, and -30 Vdc 
regulators. 
2. Bulk voltages supplied to each regulator {terminals E1 and E2 of each 
regulator) 
10.2 Vdc to -4 Vdc supply (+ 10%) 
12.4 Vdc to +6 Vde supply (+ 10%) 
46 Vdc to -30 Vdc supply (+ 10%) 


Cc BSCA feature 
‘astalied — 2 
No Apply 26 Vac to BSCA -12 Vdc supply - 


1. Energize K30 (sense BSCA -12V') 
2. TP9 =0 Vdc 


If -4V logic supply #2 


-4 Vdc regulator output available 
rs r Feature and -4V logic 


1. Energize K5 (senses -4V output) ae 
2, Transfer K5-1 (TP2 = 0 Vdc) SUDDIY = Eestune ate 


3. Transfer K5-2 (starts +6 Vdc US jets | eee ReUze ae 
"a are wired in 


series with K5-2; if -4V 


D logic supply #2 is 
4 i logic yes installed, K17-1 and K5-2 
supply #2 are in series, 
id Feature —" Niet 
- ic logic 
bale aie #3 Yes 
ed ie. =! 
installed 
No 
Energize K19 when 
all K17 when -4V output is avail- 
-4V output is avail- able 
able, 1. TP4=0 Vde 
E 1. TP3 = 0 Vde 2. K19-1 is in series 
2. K17 is in series with K5-2 and 
with K5 2 K17-1. 


Start voltage is applied to E12 of the +6V regulator. 


+6 Vdc regulator output available 

1. Energize K6 (senses +6V output) 

2. TPS = 0 Vdc (K6-4 contacts) 

3. Activate -4V UV ax circuit (K6-3 contacts) 

4. Energize time delay circuit (K6-1 contacts) 

5. Start -30 Vdc regulator (E12 to ground 
when T3 and T4 conduct) 


-30 Vde ._ output available 

1. Energize K8 (sense -30V output) 

2. TP6 = 0 Vdc (K8-2 contacts) 

3. Energize K9, K9A, K9B (Energized by 
K8-1 contacts) 

4. K9 supplies AC power to !/O device power 
supplies 
(220/235 Vac supplied to !/O for 50 HZ 
208/230 Vac supplied to 1/O for 60 HZ) 

5. KQ9A supplies 115 Vac to printer keyboard 
feature. 

6. K9B supplies 7.25 Vac to the system lamps 
(clock 9 is forced on) and 41 Vac is supplied 
to the use meter power pac. 


+24 Vdc 5424 supply and +60 Vdc 5203 supply 


‘outputs available. 


1. Energize K10 and K11. 

2. K10-1 and K11-1 hold K3 energized until 
both +24 Vdc 5424 supply and +60 Vdc 
5203 supply are powered down during a 
normal power off sequence. 

3. TP7 = 0 Vdc (K 10-2 contacts) 

4. TP8 = 0 Vde (K11-2 contacts} 


Energize K12 

1. Turn off power check light (K12-2 contacts} 

2. Remove power on reset and turn off clock 9 
(K12-4 contacts) 


END OF POWER ON SEQUENCE. 
SYSTEM READY FOR PROCESSING 


Turn off power on/off switch. 


Apply +24 Vdc to -4V undervoitage ax 
circuit to prevent abnormal power 


down sequence (section C of on/off switch) 


De-energize time delay circuit to turn off -30 Vdc supply. 
(De-energize K9 at same time as time delay circuit.) 


1, 


T3, T4 removes start -30V. 


2. Turn off -30V regulator (20 Vdc bias and 46 Vdc bulk 


voltages are present at -30V input until K3 de-energizes). 


De-energize K8 to sense when -30 Vdc supply output is not 
available. 


De-energize K12 

1, K12-2 contacts turn on the power check light. 

2, K12-4 contacts activate the power on reset relay line to CPU. 
3. K12-1 contacts are used in the power on sequence. 


Transfer K9, K9A, K9B contacts to remove input power to: 
5424 24 Vde and to 5203 60 Vdc supplies 


De-energize K10 (sense MFCU 24V) and K11 (sense 5203 60V) 


De-energize K3 to remove bulk and bias voltages to -4 Vdc, +6 Vdc, 
and -30 Vdc regulators. 


De-energize K5 (-4V sense) 
after -4 Vdc output is no 
longer available, (TP2 = 


-4 Vdc logic 


\ | 
_ Note: Se == | K9 de-energizes slower than the time delay circuit. 
' ‘ 


-4 Vdc logic 


= = 
supply #2 supply #3 
Feature —- Feature 
installed 


i 
paneen ds K6 (+6V sense) 


after +6 Vdc output is no 
longer available. 


+24 Vdc - - Turn off power 


a 
check ‘} | i 


Note: K1 and K2 remain energized as long as +24V sequence control 


END OF NORMAL POWER OFF SEQUENCE 


PNAMRWNH 


ee ee co) 
ONPWNS DO’ 


voltage is available. 


Power On Sequence 


Mainline CB On (On/Off switch off) ET, 
+24 Vdc control voltage 1 aa 
K1 (Convenience outlets) 2 SE 
K2 (Thermal tight turns off) ? SE 
Power on/off switch Operator aCtiOn ae 
K3 (Bias and bulk voltages} ___5 pepe orate 
K5 (-4V basic) _— 


K17 lif -4V logic supply #2 Feature is instal! (lec) 6 ppeegneeeseenemmmemmemmmnaes 


K19 (if -4V logic supply #3 Feature is Se 


K6 (+6V regulator) ——_20 9 epee, 
Time Delay Circuit —_______10 
K8 (-30V sense) 11 SE 
K9 (AC to I/O power supplies) 12 
K10 (+24V from 5424} 13 yeececermpauncmmcraes, 


K11 (+60V from 5203) 13 
K12 (Power up - - Power check light 7, 8,9, 10, 12, 14, and 15 eA 


turns off) 


ges K17 -4 Vde No 
logic supply #2 sense 
after -4 Vdc is no longer 


De-energize K19 (#3 
feature -4 Vdc sense) 
after -4 Vdc is no 
longer available. 


Power Off Sequence 


operator action 
14 and 15 


LE 


11 
5 (KQ de-energizes slower 


43. than the time delay circuit. 


13 
(uum * 






























































9 
Logic & Memory way té‘(<‘édtéC; Power On/Off Sw ; S410CPU 5203 PEB 
ak Supply Thermals Thermai ¢+——- Gna, +24v 
eee [p= ee ae or er aero 
E121 Check Reset Off, Type 
' I ! K12.2 Test lof 
-4V E\ E8 Point Failure} 
Bulk} | 1&2 E14] = E 
re yy ea HT og 
‘exo oY 4 Q 1 
; 6 Basic £131 t 
TP S 
_ YA 2: 5 C) 2 Q By 
ot Y K5-1 
K17-2 TP, : 
{ K17 e 
0 ' t . : © : ae 
a | YA103B — 
© LD 1 ee een, ee eee © sa - 
B ; Pre-load K19-2 TP S g : 
(81) 1 Resistor oo ea C 4 
; b 
i _K30- TP Se- 
6)9 quence 
Regulator and b 
gate fans | rele RS, K6-4 TP iSe- 
use meter 1 “he YA103BE, 14) 0 5 quence 
power pac + NNTB - E121 oA 
Replacememt (Time delay K8-2 TP Se- 
Bulk Supply circuit o 0)6 quen 



















TP e- 
Cc 7 quence 
8 pf 
8 quence 
ie 18 voc 
To Ground 
Brass" Plate TP 
eqycci 
' pan} A°— Sense P 
; K12-1 5203 K13-1 2 ovo 
i ; 1-1 t60V v-—® 
-{xr] 
, Pf Kis2 OTP rae 
! © 
1 | 
7 lovjod 
K15-4 TP Jo 
: ' v—o—-©) 14 UV 
! : x 
{ t 
i ' 
K9 ae. t 
og 2 | TB41! 
ox? Ha—¥ Za MFCU wu 1 KA7s 
O ) weqPis | a , Under Voltage ; SS E1g (start) } 
Lars! Reet Control gi mars i 
E J3 TB3 TB1!! Brass PlateL.. eds ica aihm keel F 1 ov/oc 
1 YA102 roy SSS SS # ae 
Y. Fl rcroccc7a a Logic supply % -4 k18 _ + 
Bo RL 9 fo-t $4 K30 -S t = See -4 (Sense 
Gnd 1 Gnd Brass Plate : : ' bem 1 K3 Saari hermal eer hai dé 
t ic Se Se, AM Sass got jues 12: (start) es 
aw F2 | _Features | i eigg. SE See tee 4 Gnd 
YB YA140 ' oO" a Brass 
= Se ed cpseel F1! = Plate 
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Diagram 6-020. Power Control Sequencing Diagram (Redesign) 5410 DM 


Supply 
Checked 


+24V Ground 


-4V Basic Logic 
supply (Includes 
add-on) 

-4V Logic supply 
#2 (Feature) 

8B Gate 

-4 Logic supply 
#3 (Feature) 

B Gate 

Feature P/S 
(-12V P/S 
BSCA) 


+6V Basic 


-30V Basic 


+24V Basic 
(Located in 
MFCU) 
+60V Basic 
(Located in 
5203 Printer) 
-4V Logic supply 
#3 (Feature) 
B Gate 
-4V Logic supply 
#2 (Feature) 
B Gate 
-4V Basic Logic 
supply (includes 
add-on) 


+6V Basic 
-AV Basic 
-30V Basic 
+6V Basic 


(4/71) 6-020 
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ALU 4-010 

ALU Controls 4-014, 4-016 

ALU P Bit Generation 4-012 

ALU Parity 2-100 


B Register Controls 4-044 
Branch on Condition Flowchart 5-130 


Carry Check 2-070 

Channel P Check 2-140 

Clock 4-020 

Compare Logical Characters Diagram 5-082 
Compare Logical Characters Flowchart 5-080 
Compare Logical Characters Timing Chart .5-084 
Compare Logical Immediate Diagram 5-090 
Compare Logical Immediate Flowchart 5-092 
Condition Register 4-050 

CPU Data Flow 3-010 

Cycle Controls 4-030, 4-032 

Cycle Steal Request Priority 4-064 


Data BusIn 4-060 

Data Bus Out 4-065 

Data Flow 3-010 

DBI Parity 2-080 

DBI Translator 4-060 

DBO Parity 2-110 

DBO Translator 4-065 

Display Storage Diagram 5-252 
Display Storage Flowchart 5-250 
Display Storage Timing Chart 5-254 
Dua! Program Feature (DPF) 4-073, 4-074 


Edit Diagram 5-112 


Edit Flowchart 5-110 
Edit Timing Chart 5-114 


Index 


Halt Program Level Flowchart 5-210 


1-H Cycle Diagram 5-032 

I-H Cycle Flowchart 5-030 

I-H Cycle Timing Chart 5-034 

I-L-Cycle Diagram 5-032 

I-L Cycle Flowchart 5-030 

I-L Cycle Timing Chart 5-034 

Initial Program Load (IPL) 5-225 

Insert and Test Characters Diagram 5-124 
Insert and Test Characters Flowchart 5-122 
Insert and Test Characters Timing Chart 5-120 
Instruction/Functional Signal Reference 5-005 
Interrupt Diagram 5-262 

Interrupt Flowchart 5-260 

Invalid Address 2-050 

Invalid Device Address 2-150 

Invalid Op Code 2-130 

1/O Interface Lines 4-100 

1/O LSR Select Check 2-020 

I-op Cycle Diagram 5-012 

I-op Cycle Flowchart 5-010 

I-op Timing Chart 5-014 

IPL 5-225 

1-Q Cycle Diagram 5-012 

1-Q Cycle Flowchart 5-010 

1-Q Timing Chart 5-014 

I-R Cycle Diagram 5-022 

I-R Cycle Flowchart 5-020 

I-X Cycles Diagram 5-044 

I-X Cycle Flowchart 5-042 

1-X Cycles Timing Chart 5-040 


Jump on Condition Flowchart 5-140 


Load Address Flowchart 5-190 
Load I/O Diagram 5-162 

Load I/O Flowchart 5-160 

Load Register Diagram 5-062 
Load Register Flowchart 5-060 
Load Register Timing Chart 5-060 
Local Storage Registers 4-070 
LSR 4-070 

LSR Control 4-073 

LSR Parity 2-030 

LSR Select 4-072 

LSR Select (Dual Programming Feature) 4-074 
LSR Select (1/0) 4-076 


Move Characters Diagram 5-082 

Move Characters Flowchart 5-080 
Move Characters Timing Chart 5-084 
Move Hex Character Diagram 5-072 
Move Hex Character Flowchart 5-070 
Move Logical Immediate Diagram 5-094 


Op and Q Register Parity 2-120 
Op Register and Q Register Decode 4-105 


SY31-0202-0 
FES $S31-0271 


P Bit Generation 4-012 
Power Control Sequencing Diagram 
(Early) 6-010 
(Redesign) 6-020 
Power Control Sequencing Flowchart 
(Early) 6-005 
(Redesign) 6-015 
Priority, Cycle Steal 4-064 
Processor Check 2-010 
A/B Register Parity 2-090 
ALU Parity 2-100 
Carry Check 2-070 
Channel P Check 2-140 
DBI Parity 2-080 
DBO Parity 2-110 
Invalid Address 2-050 
Invalid Device Address 2-150 
Invalid Op Code 2-130 
I/O LSR Select Check 2-020 
LSR Parity 2-030 
Op and Q Register Parity 2-120 
SAR Parity 2-040 
SDR Parity 2-060 


Q Register, Op Register Decode 4-105 
Run Controls 4-035, 4-036, 4-037, 4-038 


Sense I/O Diagram 5-172 

Sense I/O Flowchart 5-170 

Set Bits On/Off Masked Diagram 5-052 

Set Bits On/Off Masked Flowchart 5-050 
Start I/O Flowchart 5-150 

Storage Data Flow 3-020 

Storage Delay Clock and Timing 4-082 
Storage Unit 4-080 

Store Register Diagram 5-062 

Store Register Flowchart 5-060 

Store Register Timing Chart 5-064 

Subtract Logical Characters Diagram 5-082 
Subtract Logical Characters Flowchart 5-080 
Subtract Logical Characters Timing Chart 5-084 
Subtract Zoned Decimal Diagram 5-104 
Subtract Zoned Decimal Flowchart 5-100 
Subtract Zoned Decimal Timing Chart 5-106 
System Reset Diagram 5-222 

System Reset Flowchart 5-220 

System Reset Timing Chart 5-224 


Test Bits On/Off Masked Diagram 5-052 
Test Bits On/Off Masked Flowchart 5-050 
Test I/O and Branch Flowchart 5-180 
Translator, DBI 4-060 

Translator, DBO 4-065 


Zero and Add Zoned Diagram 5-104 


Zero and Add Zoned Flowchart 5-100 
Zero and Add Zoned Timing Chart 5-106 


5410 FEMDM = (9/70) 


Index 


READER’S COMMENT FORM 2 READER’S COMMENT FORM 














IBM Maintenance Library SY31-0202-1 IBM Maintenance Library SY31-0202-1 
IBM System/3 : IBM System/3 
5410 Processing Unit ; 5410 Processing Unit 
Diagrams : Diagrams 
@ Your comments, accompanied by answers to the following questions, help us produce better : @ Your comments, accompanied by answers to the following questions, help us produce better 
publications for your use. If your answer to a question is “No” or requires qualification, ; publications for your use. If your answer to a question is “No” or requires qualification, 
please explain in the space provided below. Comments and suggestions become the property please explain in the space provided below. Comments and suggestions become the property 
of IBM. : of IBM. 
Yes No : Yes No 
@ Does this publication meet your needs? (23 [sy i @ Does this publication meet your needs? C) CJ 
@ Did you find the material: \@_Did you find the material: 
Easy to read and understand? CJ C) Easy to read and understand? Cj C) 
Organized for convenient use? C C] Organized for convenient use? 4 C] 
Complete? C Cl Complete? CJ C 
Well illustrated? 0 O Well illustrated? C) C 
Written for your technical level? OJ C4 Written for your technical level? CJ CJ 
e@ What is your occupation? : ; @ What is your occupation? 
@ How do you use this publication? e@ How do you use this publication? 
As an introduction to the subject? ] As an instructor in a class? [ ] i : As an introduction to the subject? CJ As an instructor in a class? [_] 
For advanced knowledge of the subject? C] As a student in a class? C] Sm : For advanced knowledge of the subject? C] As a student in a class? C] 
As a reference manual? CJ ; As a reference manual? [3 
OC ene es at ON a aed hee ee Pe ee 
@ Please give specific page and line references with your comments- when appropriate. Ss : @ Please give specific page and line references with your comments when appropriate. 
If you wish a reply, be sure to include your name and address. | ae If you wish a reply, be sure to include your name and address. 


COMMENTS: OO - COMMENTS: 


@ Thank you for your cooperation. No postage necessary if mailed in the U.S.A. : @ Thank you for your cooperation. No postage necessary if mailed in the U.S.A. 


YOUR COMMENTS, PLEASE... 


Your answers to the questions on the back of this form, together with your comments, will 
help us produce better publications for your use. Each reply will be carefully reviewed by 
the persons responsible for writing and publishing this material. All comments and sug- 
gestions become the property of IBM. 


BUSINESS REPLY MAIL 


NO POSTAGE STAMP NECESSARY IF MAILED IN THE UNITED STATES 





POSTAGE WItL BE PAID BY... 


{BM Corporation 

General Systems Division 
Development Laboratory 
Rochester, Minnesota 55901 


Attention: Product Publications, Dept. 245 


BIN 


international Business Machines Corporation 

Data Processing Division : 

1133 Westchester Avenue, White Plains, New York 10604 
(U.S.A. only) 


IBM World Trade Corporation 
821 United Nations Plaza, New York, New York 10017 
(international) 


PERMIT NO. 387 
ROCHESTER, MINN. 


— ee ul] Bury aI] — 


eee 


YOUR COMMENTS, PLEASE. . . 


Your answers to the questions on the back of this form, together with your comments, will 
help us produce better publications for your use. Each reply will be carefully reviewed by 
the persons responsible for writing and publishing this material. All comments and sug- 
gestions become the property of IBM. 


FIRST CLASS 
PERMIT NO. 387 


ROCHESTER, MINN. 









BUSINESS REPLY MAIL 


NO POSTAGE STAMP NECESSARY IF MAILED IN THE UNITED STATES 






POSTAGE WILL BE PAID BY... 


IBM Corporation 

General Systems Division 
Development Laboratory 
Rochester, Minnesota 55901 


Attention: Product Publications, Dept. 245 


TBM 


international Business Machines Corporation 

Data Processing Division 

1133 Westchester Avenue, White Plains, New York 10604 
(U.S.A. only) 


IBM World Trade Corporation 
821 United Nations Plaza, New York, New York 10017 
(International) 


System 
Maintenance 
Library 


IBM System;3  Printedin ITALY SY310202-1 





- — -cutrere- — oJ 


SIM 


International Business Machines Corporation 

Data Processing Division 

1133 Westchester Avenue, White Plains, New York 10604 
(U.S.A. only) 


IBM World Trade Corporation 
821 United Nations Plaza, New York, New York 10017 
(International) 


